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Immunological Reactions of Bence-Jones Proteins. 1. Differ- 
ences Between Bence-Jones Proteins and Human Serum 
Proteins. (Illustrated.) 

By S. Bayne-Jones and D. 


Wricutr WILSON 


MYaws. An Analysis of 1046 Cases in the Dominican Re- 
public. (Illustrated.) 


Studies on a Case of Chromic Acid Nephritis.  (Illustrated.) 


By 8. 


In a previous paper,’ presenting a preliminary account of 
wr study of the immunological reactions of Bence-Jones pro- 
Reins, we have reported that by the use of the precipitin, com- 
plement-fixation and anaphylactic reactions we have been able 
o show that differences exist between the so-called Bence- 


Jones protein and the proteins of human serum, and also 


etween preparations of Bence-Jones protein from various 


sources. While the specimens of Bence-Jones protein which 
ve studied were all typical as regards their phases of coagula- 
tion and solution by heat in an acid medium, they differed 
wnsiderably in their physical properties and in their immuno- 


logical reactions. These differences were indeed so great that 
we were forced to regard the so-called “ Bence-Jones body 
as a croup of similar, but not identical, substances, and to 
tefer to the group as the Bence-Jones proteins. One of these 
proteins (No. 4) crystallized spontaneously in the urine of the 
Bpatient who excreted it. This property permitted purification 
mot the substance by recrystallization. An account of this 
Mpatient (R) with a description of the protein has been pub- 
lished by Walters* from the Mayo Clinic, where the patient 
was under observation on the service of Dr. Rowntree. The 
proteins used by us were 


” 


other specimens of Bence-Jones 


BULLETIN 


HE JOHNS HOPKINS HOSPITAL 


(THE PUBLICATION OF THE MEDICAL SCHOOL AND HOSPITAL) 
BALTIMORE, FEBRUARY, 1922 


CONTENTS 


PAGE 


By W. L. Moss and G. H. BiceLow 43 


IMMUNOLOGICAL REACTIONS OF BENCE-JONES PROTEINS 
. DIFFERENCES BETWEEN BENCE-JONES PROTEINS AND HUMAN SERUM PROTEINS 


3AYNE-JONES and D. Wricgutr WILson 


(From the Department of Pathology and Bacteriology and of Physiological Chemistry, The Johns Hopkins University, Baltimore) 


[Price, 50 Cents 


PAGE 
Adaptation of Bacteria to Growth on Human Mucous Mem- 
branes with Special Reference to the Throat Flora of 
Infants. 


L. BLOOMFIELD 


Dermoid Cysts of the Ovary. A Report of Four Cases. 
(Illustrated.) 
By Karn H. Marrzvorr ‘ ‘ 


Titles of Papers Appearing During the Year 1921, Elsewhere 
than in the BULLETIN, by the Present and Former Members 
f The Johns Hopkins Hospital and Medical School Staff 69 


Entered as Second-Class Matter at the Baltimore, Maryland, Postoffice 
Acceptance for mailing at special rate of postage provided for in Section 1103, Act of October 8, 1917. Authorized on July 3, 1918. 


isolated from urine by various methods of precipitation. They 
will be described in detail in our paper dealing with their 
specific immunological differences. In the present report, we 
shall give the evidence in support of the contention that it is 
possible by the use of immunological methods to differentiate 
Bence-Jones proteins from the proteins of human serum. 
With the more frequent use of purified proteins in immuno- 
logical studies, an increasing number of them are being found 
It has been known 
for a long time that the proteins of the lens of the eye and of 
spermatozoa have this characteristic, and more recently Wells 
and Osborne,’ using purified vegetable proteins, Woods * using 
the pigment from the uveal tract, and Dale and Dakin * with 
crystalline albumin from the eggs of hen and duck, have estab- 
lished the fact that chemical composition, rather than biological 
origin, is the basis of the specificity of these substances. The 
chemical and physical peculiarities of Bence-Jones proteins 
and their absence from the blood and urine of normal persons 
have conveyed the obvious suggestion that it might be possible 
by immunological studies to draw a distinction between the 
hlood-proteins and Bence-Jones proteins. This phase of the 
question has occupied the attention of a number of investi- 


to possess individual antigenic specificity. 
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gators. The results, however, of the experiments of all except 
two students of this problem have been reported as indicative 
of an identity rather than a difference between these pro- 


*"%* From accounts of the way in which the experi- 


teins.’ 
ments were conducted, and from the results of our work, it 
seems that the uncritical use of mixtures of proteins has led 
to these equivocal results. The most notorious example of this 
is the work of Abderhalden and Rostoski,” which has influenced 
many of the subsequent immunological studies of Bence-Jones 
proteins and the opinions upon the nature of Bence-Jones 
proteinuria. The patient studied by Abderhalden had chronic 
nephritis as well as multiple myelomata. As a consequence of 
the two diseases he excreted in his urine Bence-Jones protein 
and proteins which Cameron and Wells,” in studies of the 
urine in nephritis, have shown to be identical with the proteins 
of human serum. Abderhalden injected the whole urine of 
this patient into a rabbit, and obtained an immune serum which 
precipitated both Bence-Jones protein and human serum. In 
drawing his conclusions, however, he neglected the possibility 
that he was dealing with a mixture, and developed his ideas 
about the identity of Bence-Jones protein and serum proteins 
as if he had been using single pure antigens. It now seems 
probable that unless a Bence-Jones protein can be separated 
from urine by crystallization, and purified by recrystallization, 
it is impossible to separate it by any method of fractional pre- 
cipitation from other proteins which are usually present with 
it in the urine. 

he investigators who have succeeded in finding immuno- 
logical differences between Bence-Jones proteins and serum 
proteins are Massini™ and Hektoen.* By means of the com- 
plement-fixation test, Massini was able to show that an anti- 
serum to the preparation used by him fixed complement in the 
presence of higher dilutions of the Bence-Jones protein than 
of human serum. Hektoen’s recently published preliminary 
note reports that by absorption of precipitins specific reactions 
can be obtained which sharply differentiate Bence-Jones 
proteins from the proteins of human serum, even when mixed 
antigens are used. 


Rerorts oF EXPERIMENTS 


In our experiments to discover, if possible, immunological 
differences between Bence-Jones proteins and the proteins of 
human serum, we used precipitin and complement-fixation 
reactions with the sera of rabbits immunized to human serum 
and to several preparations of Bence-Jones proteins, and 
anaphylactic reactions of guinea-pigs sensitized to these 
substances. 


PRECIPITIN REACTIONS 


The precipitin-sera were prepared as follows: 


Anti-human serum. Rabbit No. 161 immunized to human serum 
by 7 intravenous injections at intervals of 2 to 6 days. The first dose 
was 0.5 c.c., the last 12 c.c. of serum. Ten days after the last injection, 
the animal was bled, when its serum gave a precipitate with a 1-1000 
dilution of human serum. 

Anti-Bence-Jones protein sera: Rabbit No. 144 was immunized to 
the crystalline Bence-Jones protein (No. 4) by six intravenous injec- 


[No. 3% 


tions of a 1 per cent solution of No. 4 at intervals of 4 to 6 days. Th 
first dose was 2 c.c., the last 20 c.c. Ten days after the last injection 
when the rabbit’s serum caused a precipitate in a 1-1,000,000 dilutio, 
of a 4 per cent solution of No. 4, the animal was bled. 

Rabbit No. 153 was injected intravenously at intervals of 4 to 6 days 
with amounts of a 0.5 per cent solution of Dr. J. Rosenbloom’s pri pan. 
tion of Bence-Jones protein increasing from 3 c.c. to 20 c.c. Six days 
after the fifth injection, the rabbit was bled. Precipitin titer 1-100,00 
(antigen dilution). 

Rabbit No. 189 was immunized to a preparation of Bence-Jong 
protein designated as “Simpson,” given us by Dr. C. G. Guthric 
After 8 injections of amounts of 2-6 c. c. of a 2 per cent solution of this 
protein, at intervals of 3 to 5 days, the precipitin titer of this anim 
was 1-2000 (antigen dilution). 

Rabbit No. 195 was immunized to a preparation of Bence-Jone 
protein denoted as “ Farrel,’ and given to us by Dr. C. G. Guthrie 
At intervals of six days, 1 c.c., 5 ¢.¢., and 7 c. e. of a3 per cent solution 
of this protein were injected intravenously. Five days after the las 
injection, when the animal was bled, the titer of the serum was 1-800 
(antigen dilution). 

With the exception of No. 4, which was the crystalline Bence. 
Jones protein, the other Bence-Jones proteins were non- 


TABLE 1 
PRECIPITIN REACTIONS 


Dilution of antigen 
Antihuman serum 161. Pre 
cipitation with antigen 


0 1-10 1-100 1-1000 
Human serum.............| by ++ + 
Bence—Jones protein (4 per 
cent solution). 
No. 4 (crystalline) ........ 0 0 0 0 
0 0 0 
0 0 0 0 
0 0 0 
Simpson (2 per cent)...... 0 oF + 0 
+ 0 o 
| 


crystalline, and had been isolated from urine by variousf 
methods of precipitation. 

The precipitin tests were done in clean sterile tubes, with 
clear solutions of the sera and antigens. False results due to 


bacterial growth were eliminated. The antigens, in various§ ‘ 


dilutions. were layered upon the anti-sera, and the first reading} 
was made by noting the presence or absence of precipitate at} 
the plane of junction of the two fluids one hour after theirf 
apposition. The fluids were then mixed, placed in the incu-} 
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AVS. Thep bator at 37 C. for 24 hours, and a second reading taken of 
injection {| the sediment in the bottom of the tubes. The controls, which 
) dilution’ sre omitted from the following tables, were made by mixing 
equal amounts of each component with normal salt solution and 
to 6 days é 
- day incubating these mixtures with the series of tests. When 
Six dag precipitate occurred in the controls, the corresponding tests 
1-100,0m) were discarded or repeated with fresh solutions. In the tables, 
the signs indicate the amount of precipitate formed ; O denot- 
ice-Joneh ing no precipitate, +++-+ a very heavy precipitate. The 
ea oa results of the precipitin reactions with antihuman serum are 
mM Of thy 
aTize 
The advantage gained from the use of a pure crystalline 
ce-Jones protein is at once apparent from the data presented in Table I. 
Guthrief The antiserum to human serum proteins does not precipitate 
the crystalline preparation of Bence-Jones protein.. On the 
s 1-800 other hand, antihuman serum forms a precipitate with all non- 
crystalline Bence-Jones proteins which have been salted-out 
Bence. 
TABLE II 
PRECIPITIN REACTIONS 
Dilution of antigen 
Precipitation 
serum with 
0 1-10 =1-100 | 1-100,000 
Jones, No. 4. (4 per cent). 
1-1000 Human serum... 0 0 0 0 0 0 
| 1383. Anti-Bence— Bence—Jones, 0 + + 
a Jones, Rosen- Rosenbloom 
bloom. (4 per cent). 
Human serum... 0 + t+ | +++ 0 
1, Anti-Bence— Bence—Jones, t 0 
( Jones, Simpson, Simpson (2 per 
) 
cent). 
Human serum.... +4 + 0 0 0 
0 
195. Anti-Bence- Bence-—Jones, t+tt+ 4++4++- +++ +4 
Jones, Farrel. Farrel (4 per 
0 cent). 
Human serum... + ++ 0 0 0 
0 = 
0 or otherwise precipitated from urine. With the whole urine 
0 from patients with multiple myelomata, containing presumably 
more protein identical with the proteins of serum, the precipi- 
tation by antihuman serum is greater than with the fractions 
0 | of these urines containing the Bence-Jones protein. 
o ff In Table IJ are summaries of precipitin reactions with 
ss ; human serum, antisera to several preparations of Bence-Jones 
| 
| proteins and their homologous antigens. 
® [} From Table II it is seen that a very potent antiserum to 
o  } the crystalline Bence-Jones protein does not precipitate human 
» rum, while the antisera to the other less pure preparations 
of Bence-Jones proteins give “ cross-reactions,” precipitating 
) both their homologous antigens and human serum. 
rious} As Hektoen “ has pointed out, the method of absorption of 
precipitins can be used, when mixtures of proteins are unavoid- 
with} able, to demonstrate differences between serum proteins and 
ue tof, Bence-Jones proteins. There is, however, much to be learned 


iriousp about this method before the results obtained with it can be 


adingy Correctly interpreted. 
ite ath Of difficulties. 


*,** Tn its use, we encountered a number 


In the first place, precipitating sera, such as 


their® those used by us, are no longer active when diluted more than 


incu-) 


l to 20, or 1 to 40. This places a narrow limit upon the 
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applicability of the method, as it may be necessary during the 
process of absorption to dilute the serum beyond its effective 
When dilution of the serum 
avoided, the so-called “ prozone ” may interfere with the for- 
mation of a precipitate during the phase of absorption. In 
many mixtures of undiluted serum and a concentrated solu- 
tion of its protein antigen no precipitate occurs, yet when the 
mixture is diluted, the precipitate appears. In this case, of 
course, neither the antigen nor antibody is removable by cen- 
trifugation, and the delayed precipitation due to the first reac- 
tion often occurs when salt solution or the diluted antigens 
to be tested are added subsequently. It may be that the 
hydrogen-ion concentration of the fluids is a factor of prime 
importance in the precipitin reaction. A concentration of 
hydrogen-ions in the region of the isoelectric point of serum 
globulin may permit a precipitin reaction to progress to com- 
pletion even in mixtures of undiluted immune serum and con- 
centrated solutions of proteins. We have not investigated this 
point thoroughly. The results, however, of our experiments 
with the absorption of precipitins are unequivocal when the 
“ ying-test ” is used, readings of the precipitate at the junction 
of serum and antigen solutions being taken within one or two 
hours after the one has been layered upon the other. When 
allowed to stand for 18 hours or more, a slow precipitation 


precipitin-concentration. is 


TABLE UI 


ABSORPTION OF PRECIPITINS 


Dilution of antigen 


Absorbed Precipitation 


with with 2 3 
Anti-human Bence-Jones, Human serum. ++++| ++ | ++ | + | 0]. 
serum 161, No, 4. 
No. 4, | 
Simpson ...... + | 0 
+ | 0 ee | 
Bence-Jones, Human serum, +++ te | Ff + | 0 | 
Simpson, | | 
Bence-Jones, 0 0 | 
No. 4 | 
Simpson....... 0 0 0 | 0 eo | oe 
Farrel 0 + 0 
Bence-Jones, Human serum. ++ | ++ | + | + 0 | 
Farrel. | 
Bence-—Jones, 0 ; 0 0 
No, | | 
Simpson ...... 0 | | 0 | 
Farrel ......-.. 0 0 | 0 0 
0.85 per cent Human serum, ++++| +++ | ++ + | & | o 
salt solu- } | 
tion, Bence—Jones, 0 0 | 0 | 
No, 4, | | 
Simpson ...... + | + | oO | 
| | 
+ + | + | 0 
| 
Anti-Bence- Humanserum Bence-Jones,  ++++/++++| +++ | ++ + 
Jones, Farrel. | 
Farrel, 195, Human serum. 0 0 0 0 | 


0.85 per cent Bence-Jones, 
salt solu- Farrel. | 
tion. Human serum. 0 + | 


often occurs in all sera, including the controls, showing that 
the original reaction had not been complete but was con- 
tinuing under the conditions permitted by the subsequent 
dilution. 


i 


LO 


The technic used in absorbing the precipitins was as follows: 
With precautions to prevent bacterial growth in the tubes, 
1 c.e. of antiserum was mixed with | c.c. of a 2 or + per cent 
solution of a Bence-Jones protein. ‘This mixture was incubated 
at. &. 
and then centrifuged until clear. 


for 24 hours, placed in the ice-chest for 18 hours 
The usual series of tests and 
controls were then made with this absorbed serum, diluted 
one to two as a consequence of the addition to it of an equal 
quantity of the antigen for the phase of absorption. A control 
to determine the effect of simple dilution and manipulation 
upon the antiserum was made by carrying a mixture of equal 
parts of immune serum and salt solution through the stages of 
incubation and absorption. 

Antihuman serum No, 161 was absorbed in this manner with 
t per cent solutions of the crystalline Bence-Jones protein, 
and the Farrel preparation of Bence-Jones protein, and with a 
2 per cent solution of the Simpson Bence-Jones protein. ‘To 
show the eifect of the reversal of this procedure, an antiserum 
to the Farrel specimen of Bence-Jones protein was absorbed 
with human serum. The results of these absorption tests are 
summarized in Table LILI. 

Several of the experiments summarized in Table LLL show 
again that antiluman serum does not precipitate the crystalline 
preparation of Bence-Jones protein (No, 4) and, further, that 
this Bence-Jones protein does not absorb precipitin from anti- 
human serum. ‘The data demonstrate that by absorption of 
antihuman serum with certain preparations of Bence-Jones 
proteins it is possiblé to remove from this immune serum the 
precipitin responsible for the tlocculation with solutions of 
these preparations, while only slightly lowering the titer of the 
serum for its homologous antigen, human serum. Contlirma- 
tion of the result is obtained when an antiserum to one of these 
preparations of Bence-Jones protein (Farrel) is absorbed with 
human serum. The conclusion seems inevitable that some of 
these non-crystalline preparations of Bence-Jones proteins con- 
tain traces of human serum proteins, while, in this respect, the 
crystalline Bence-Jones protein acts as a single antigen. 


COMPLEMEN'T-FIXATION REACTIONS 


For the complement-lixation reactions antihuman serum was 
tested against the various Bence-Jones proteins, and antisera 
to the crystalline and Rosenbloom Bence-Jones proteins were 
tested against human serum. Preliminary titrations were 
made with all sera and solutions of the proteins to determine 
their anticomplementary action, and in the tests the anticom- 
plementary controls contained twice the amount which did not 
inhibit hemolysis. This required the use of sera diluted one 
to two, and 1 to 20 dilutions of the solutions of Bence-J ones 
These dilutions, as has been pointed out, are just 

The 


results of the complement-lixation tests, therefore, indicate 


proteins. 
on the limit of effective concentration of precipitin, 


broad relationships, as closer interactions are lost through the 


dilution. In the tests, 0.25 c.¢. was the unit volume of each 


component used. The usual antisheep amboceptor, with a 
titer of 1 to 3200, and guinea-pig serum as complement were 


After the mixtures of antiserum, protein solution 


employed. 
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and complement were made, they were incubated in the Water. 
bath at 37° C. At the end of that time, thre 
units of amboceptor were added, the 2.5 per cent suspensigy 


for one hour. 


of sheep cells placed in the tubes, and all returned to the water. 
bath. 
the proper controls lad cleared. 


Readings were taken at the end of one hour, or when ql 
The results of these tests ar 
collected in Table IV, in which + + +-+ indicates complet 
fixation (absence of hemolysis), and lesser degrees of fixation 
by proportionally fewer + signs. 

The complement fixation reaction, according to this method 
combines a differentiation based upon dilution of the antiser 


and antigens with the differences due to fixative power ¢ 


rABLE 1V 


COMPLEMENT FIXATION REACTIONS 


Serum Antigen Conc. | Dilut. Result 
Anti-human serum, Human serum....... 1-40 
161. Diluted 1-2. 
Bence—Jones protein: 
Coag. R. urine....... 4% 1-20 0 
1-20 
BH 1-20 0 
Rosenbloom ......... 4% | 1-20) +++ 
Anti- Bence —Jones, Bence-Jones, No.4... 4% 1-20, +++4+ 
No. 4. Serum 144. 
Diluted 1-2. Human serum....... 0 .. 1-20 0 


Anti Bence --Jones, Bence—Jones, Rosen- 4% | 1-20 +444 


Rosenbloom. Serum bloom. 
53. Diluted 1-2. Human serum....... si 1-20 0 


specific precipitates. Its effect, therefore, is to indicate onl; 
broad relationships. The results thus obtained, as presented in 
Table IV, confirm the results of the precipitin reactions i 
showing immunological distinctions between Bence-Jones pro- 
teins and the proteins of human serum. 


ANAPHYLACTIC: REACTIONS 


Anaphylactic reactions were studied upon the guinea-pig # 
a whole and on excised uterine horns of young virgin guinea 
pigs. The animals in this series were actively sensitized, except 
where otherwise stated, by an intravenous injection of 0.25 c¢. | 


of human serum or of a 4 per cent solution of a Bence-Jone: 


protein. After an interval of approximately three weeks, th 
animals were tested by an intrajugular injection of serum ot 
Bence-Jones protein. The data of these experiments are pre} 


sented in Table V. 
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Anaphylactie reactions with the crystalline Bence-Jones 
protein were not as sharp as we desired, as it was difficult 
actively to sensitize guinea-pigs to this preparation. Both 
large and small doses of the crystalline protein were given on 
the first intravenous injection, and the animals were tested by 
asecond intravenous injection of larger amounts after intervals 
of 18 to 27 days. With one series, fairly satisfactory results 
were obtained. The guinea-pigs of this lot received as the 
sensitizing dose injected intravenously 0.25 c. c. of a 4 per cent 
solution of the crystalline Bence-Jones protein (No. 4) on 
January 27, 1921. On February 14, 21 days later, an intra- 
yenous injection of 1 ¢.c. of the 4 per cent solution of No. 4 
produced a severe but not fatal shock, in guinea-pig No. 396. 
None of 10 guinea-pigs thus sensitized to Bence-Jones protein 
No. 4 showed any reaction to human serum.. 


TABLE V 
ANAPHYLACTIC REACTIONS 


Guinea) — Sensitizing dose Int Intoxicating dose Result 


pig va 


250 Human serum 0.25 c. c..18 days Human serum 0.25 c. c. Typical anaphylaxis. 
Death, one min, 
18 days Bence- Jones No, 4, No reaction. 
2c. c. 0.5% sol. 
10 minutes later: 2 ¢.c. Typical shock. 
human serum intra-| Death. 
perit. 


181 Human serum 0.25 ¢. 


253 Human serum 0.25 c. 


.18 days Bence - Jones No. 1. No reaction. 

7c. 1% sol. 

10 minutes later: 1¢.c. Typical shock. 

human serum intra-| Death. 

ven. 
251 Human serum 0.25 c.c..18 days Bence - Jones, Rosen- Slight, definite reac- 
bloom prep. 1 c¢.c¢.| tion. Survived. 
4% sol. 


252 Human serum 0.25 c.c.18 days Bence-Jones, Taylor's Slight, definite reac- 


| prep, lc. c. 4% sol. tion, Survived. 


173 |Bence - Jones No. 1 27 days Human serum 0.25 ¢. c.;|Typical shock. 
| 2c. c. 0.5% sol. Death, one min. 


| 
275 |Bence - Jones, Rosen- 18 davs Human serum 0.25 c- c. Typical shock. 
| bloom prep. 1.5 c. c. Death, one min, 
1% sol. 
20 |Bence-Jones, Taylor’s18 days Human serum 0.25 c. c./ Typical shock, 
prep. lc. c. 1.5% sol. Death, two min. 


The anaphylactic reactions summarized in Table V and in 
the above paragraph demonstrate a complete difference between 
the crystalline Bence-Jones protein and the proteins of human 
serum. On the other hand, guinea-pigs sensitized to human 
serum were also sensitive, though in less degree, to the Rosen- 
bloom and Taylor preparations of Bence-Jones proteins, and 
guinea-pigs sensitized to these Bence-Jones proteins and to 
Bence-Jones protein No. 1 were extremely hypersensitive to 
human serum. From the results of the precipitin reactions, 
we are led to assume, in explanation of the crossed anaphylactic 
shocks, that the non-crystalline preparations of Bence-Jones 
proteins (No. 1, Taylor and Rosenbloom) contain traces of 
human serum proteins. These traces of serum proteins are 
sufficient to sensitize the animal to human serum, so that when 
a large amount of human serum is administered in the second 
injection, fatal anaphylactic shock occurs. Their content of 
serum proteins, however, is too small to produce a fatal reac- 
tion when they are injected in the amounts used by us into 
guinea-pigs primarily sensitized to human serum. 
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An analysis of these preparations of Bence-Jones proteins 
was permitted by the graphs obtained by the Schultz-Dale 
method.” The apparatus and solutions used in our studies of 
the anaphylactic reactions of isolated uterine muscle were 
essentially those described by Dale. Virgin guinea-pigs, sensi- 
tized to human serum or Bence-Jones proteins, were killed by 
a blow on the head about three weeks after the first injection. 
The uterus was removed, one horn was attached to the lever of 
a kymograph, and this strip of smooth muscle was then sub- 
merged in Ringer-Locke solution. The bath, 50 c. c. of Ringer- 
Locke solution, was kept at 37-38° C., and was supplied con- 


Fig. 1—Uterus of guinea-pig No. 1. Passively sensi- 
tized to Bence-Jones protein No. 4 by injection of 1 c.c. 
serum 144 into peritoneal cavity. Killed 18 hours later. 

At A: 1 ¢.c. human serum. 

At B: 1 ¢.c. 3% sol. Bence-Jones protein No. 4. 

At C: 1 e.¢. 3% sol. Bence-Jones protein No, 4. 


tinuously with oxygen. Tracings of the movements of the strip 
of uterus were recorded on a smoked drum, 

It was found more satisfactory passively to sensitize guinea- 
pigs to the crystalline Bence-Jones protein. This was easily 
accomplished by injecting intraperitoneally 1 ¢. c. of the serum 
of rabbit No. 144, which had been immunized to this Bence- 
Jones protein. The precipitin titer of this serum was 1 to 
1,000,000, in terms of dilution of the antigen. Eighteen hours 
later, these guinea-pigs were found by tests to be hypersensi- 
tive to Bence-Jones protein No. 4. 


a 
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the 
the anaphylactic reactions with the isolated 


Representative graphs, Figs. 1, 2 and 3, illustrate 
results of some of 
sensitized guinea-pigs. 


smooth muscle of the uterine horns of 


From Fig. 1 it is seen that the uterus of a guinea-pig sensitized 
to the crystalline Bence-Jones }rotein No, 4 did not react to 
human serum, and Fig. 2 shows that the uterus of a guinea-pig 
sensitized to human serum was not affected by the solution of 
this crystalline protein. Fig. 3 is of especial interest, as it is 
analogous to experiments on the absorption of antibodies. The 
uterus used in this test was from a guinea-pig actively sensi- 
tized to Rosenbloom’s non-crystalline preparation of Bence- 


¥ 


Fic. 2—Uterus of guinea-pig No. 378, sensitized to 
human serum. 

At A: Ll e.e. 4% sol? Bence-Jones protein No. 4. 

At B: 1 ¢.c. human serum. 

At C: 1 ¢.c. human serum. 


Jones protein. When treated with a solution of this Bence- 


Jones protein, a contraction occurred. A subsequent applica- 
tion of the same protein failed to cause a contraction, showing 
that the muscle was desensitized to that antigen. It, however, 
remained hypersensitive to human serum, as shown by the 
next phase of the curve, which records the contraction produced 
by the addition of human serum to the bath. After this second 
contraction, the uterus was specifically desensitized also to 
human serum. This analysis permits the definite conclusion 
that the Rosenbloom preparation of Bence-Jones protein is a 


mixture of a Bence-Jones protein and human serum proteins. 
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SUMMARY AND CONCLUSIONS 


In the possession ofa cry stalline Bence-.Jones protein We had 
at our disposal an ideal substance for immunological studies 
By crystallization, it could be freed from possible traces oj 
serum proteins and thus permitted the use of a purified prep. 
aration to obviate the confused results which vitiate mani 
immunological experiments. Its quality as an antigen wa 
easily established, and the reactions dependent upon its anti. 


bodies were unequivocal. In contrast to this, the non-crystgl. 


Fic. 3—Uterus of guinea-pig sensitized to Bence-Jones 
protein (Rosenbloom). 

At A:1 c.c. 4% sol. Bence-Jones protein (Rosen- 
bloom). 

At B: 1 ¢.c. same solution. 

At C: 05 c.c. human serum. 

At D: 0. e.c. human serum. 


line preparations of Bence-Jones proteins, precipitated frow 
the urine by fractionation with salts or heat, gave the “ cross’ 
reactions usually obtained with mixed antigens. Comparison: 
between the Bence-Jones proteins and the proteins of norma 
human serum were made by the use of precipitin, complement: 
fixation and anaphylactic reactions. The precipitin reaction 
were extended by the method of the absorption of antibodie 
and the anaphylactic reactions were submitted to analysis by 
the Schultz-Dale method of the graphic record of the contra¢- 
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tion of smooth muscle. The results of all these experiments | 2. Walters, W.: J. Am. Med. Assn., 1921, LX XVI, 641-645. 
were in accord, and allow the following conclusions to be | 3. Wells, H. G., and Osborne, T. B.: J. Infect. Dis. 1913, XII, 
drawn : 
1. The crystalline Bence-Jones protein acts as a single 4. W oods, A. C.: Tr. Sect. Opth. Am. Med. Asm., 1917, 133-161. 
iio . 5. Dakin, H. D., and Dale, H. H.: Biochem. J., 1919, XIII, 248-257. 
6. Abderhalden, E., and Rostoski, O.: Ztschr. f. physiolog. Chem., 
2. The non-crystalline preparations of Bence-Jones proteins, 1905, XLVI. 125-135. 
isolated from the urine by salting-out or other precipitation 7. Rostoski: Miinch. med. Wehnschr., 1902, XLIX, 740. 
methods, contain traces of serum proteins. 8. Boggs, T. R., and Guthrie, C. G.: Am. J. Med. Sci., 1912, 
3. The Bence-Jones proteins are immunologically different CXLIV, 803-814. 


9. Hopkins, F. G., and Savory, H.: J. Physiol., 1911, XLII, 189-250. 


from the proteins of normal human serum. 
10. Cameron, A. L., and Wells, H. G.: Arch. Int. Med., 1915, XV, 


4. These differences between proteins from the same animal 


are further evidence in support of the conception that the 746-753. 0 ; 
specificity of proteins is not dependent upon their biological 11. Massini, R.: Deutsch. Arch. f. klin. Med., 1911, CIV, 29-43. 
12. Hektoen, L.: J. Am. Med. Assn., 1921, LX XVI, 929. 
origin, but due to their chemical constitution. 12. E., and Jesve, HL: {. «. 
exper. Therap., 1920, Orig., XXX, 351. 
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1. Bayne-Jones, S., and Wilson, D. W.: Proc. Soc. Exp. Biol. and 547-562. 
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YAWS 
AN ANALYSIS OF 1046 CASES IN THE DOMINICAN REPUBLIC 


By W. L. Moss, 
Assistant Professor of Preventive Medicine and Hygiene, Harvard Medical School 
AND 
G. H. BieEtow, 


Instructor in Preventive Medicine and Hygiene, Harvard Medical School 


HistoricaAL SKETCH oF Santo DomINGo article of commerce of the island. Coffee is grown com- 
mercially to some extent in the mountains of the southwestern 
part of Santo Domingo toward the Haitian border. 

Tropical fruits—bananas, plantains, pine-apples, cocoanuts, 
oranges, lemons, limes, mangoes, aguacartes, bread-fruit— 
flourish. Birds of brilliant plumage rival the gorgeous tropi- 
cal flora in beauty. The fauna is curiously limited in some 
respects, the largest native mammal on the island being the 
agouti, a shy little beast somewhat resembling the guinea-pig 
in appearance and about the size of a rabbit. 

The heat of the tropics is tempered along the coast by sea 
breezes, and by the altitude of the mountains in the interior, 
the highest peak, Loma Tina, rising 10,200 feet above sea 


The island occupied by the Republics of Santo Domingo 
and Haiti is the second largest of the West Indian group 
lying between Cuba and Jamaica on the west and Porto Rico 
on the east. It lies between the 17th and 20th parallels of 
north latitude and between the 68th and 74th meridians. 

Its 28,249 square miles of area are diversified by almost 
every variety of topography; fair and fertile valleys, broad 
savannahs, towering mountains, sinister desert. ‘The northern 
half or two-thirds of the island is traversed by two almost 
unbroken mountain ranges, the Monte Christi and the Cibao 
or Cordillera, between which stretches from the sea on the 
west to Samana Bay on the east a beautiful valley, the “ Vega 


Real,” the eastern half of which is well watered and wonder- level. 

fully fertile. It is in this valley and on the lower slopes of the The commercial life of the island centers in the various 
adjacent mountains that most of the cacao and tobacco grow, ports scattered along the coast—Monte Christi, Puerto Plata, 
which, with sugar, make up the chief exports of the island. Samana, Sanchez, La Romana, Maccoris, Santo Domingo City 
Indeed the cacao crop of Santo Domingo is said to be the and Barahona. The number of inhabitants in these towns 
third largest of any country of the world. The southeastern varies from a few hundred in the smaller up to about 25,000 
part of the island is occupied by a broad coastal plain extend- in Santo Domingo City, the capital. 

ing back from the Caribbean as much as 50 miles. This is The population of Santo Domingo, which occupies the 
occupied by broad savannahs, well watered and covered with eastern three-fourths of the island, is estimated at between 
a luxuriant growth of grass which would furnish excellent 700,000 and 800,000 inhabitants, while Haiti, occupying the 
pasturage for vast herds of cattle. It is here that the great western fourth of the island, has a population of about two 
sugar ‘estates are located which produce the largest single and a half million. Haiti is known as the Black Republic, 


s 
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and takes pride in this appellation as indicating pure blood. 
The language is French. Santo Domingo, on the other hand, 
does not boast of its negro blood, although it is probable that 
considerably more than 75 per cent of the population possess 
it. In the larger towns, especially on the coast, there is a 
small white population, which shades down through all grad- 
ations of black. the 
interior, except in the occasional inland towns, the largest of 


color to pure Few whites live in 
which is Santiago de los Caballeros, a flourishing city of about 
20,000 inhabitants, beautifully situated in the Vega Real. 
The language of Santo Domingo is Spanish. 

Life in the interior is simple and furnishes little incentive 
for industry. The requirements for shelter and clothing are 
simply met and nature furnishes an adequate and healthful 
diet, with little exaction beyond the effort required to take it. 

Perhaps few of us realize or remember the important part 
played by this obscure island in the history of Western civili- 
zation. December 6, 1492, by Christopher 
Columbus, its present capital, Santo Domingo City, is the 
oldest existing European settlement in the Western Hemis- 


Discovered on 


phere. At the time Columbus landed and took possession of 
the island in the name of the King and Queen of Spain, 
calling it La Espanola, the native population consisted of 
Arawak Indians, estimated at between two and three million 
souls. Columbus described them as a mild and peaceful race, 
characterized by their sweetness of temper, the men of hideous 
visage but the women comely. They offered little resistance 
to the Spanish occupation, and their land was given by the 
King of Spain in huge grants to his favorites, who, attracted 
by the glowing descriptions of the wealth and beauty of the 
country, came over in large numbers, built palaces and 
cathedrals, set up a vice-regal court and lived in an extrava- 
gance which almost rivaled that of the court of Spain. 

The Indians were easily subjugated, quickly reduced to a 
state of slavery, and under Spanish tyranny and cruelty were 
soon exterminated. The appalling rapidity with which this 
took place may be appreciated from the estimates of the 
population in the sueceeding years. The two or three millions 
of Indians present in 1492 were reduced in a period of 15 
years to 60,000 by 1507, and had been further reduced to 
14,000 by 1514. 
raged by the treachery of the Spaniards, which had led to the 


Enrique, the surviving caique, was so en- 


capture and execution of Queen Anacaona, that he fled with 
a small band of followers to the fastnesses of the mountains, 
where he successfully resisted all efforts to capture him. In 
1533 the remaining Indians, 600 in number, under this chief 
were given lands and established at Boya, a small village 
within five miles of the camp at which the work we are to 
report was done. 

With the Indians practically exterminated, the land with 
all its 


POSSeSSOTrS, 


wealth of resources was of little value to its new 
To make it again profitable. the African slave 
trade was instituted as early as 1508. The cruelty and abuses 
practiced on the Indians were repeated on the Africans, and 


doubtless would have been attended by the same result, but 


for the fact that, as they were killed or died off, fresh impor- 
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tations were brought in. With the decline of the Spanish 
power the greatest blight to the existence of the slaves was 
removed, and under climatic and economic conditions, which 
were for the most part favorable, they multiplied so that the 
present population of Santo Domingo consists largely of de- 
scendants of the African slaves with a greater or less admix- 
ture of Spanish blood. 

Although the history of the island abounds in interest we 
may not attempt even a brief sketch of it in this paper. In 
passing one may recall that it was from Santo Domingo that 
Cortez, Balboa, Pizarro and De Soto set out to make their 
brilliant explorations and discoveries. It was the rendezvous 
for many of the pirate craft that preyed on the British, Dutch 
French commerce with the new world. Here the term 
The long speedy boats used in this 


and 
* fillibuster ” originated. 
piracy were called fly-bote or freibote, and their crews were 
known as freiboters, freebooters or fillibusters. The British 
and French united to retaliate against the Spanish pirates and 
established a base on St. Christopher and later on the island 
of Tortuga, just north of Santo Domingo, where they were 
joined by the Dutch. In addition to their operations on the 
water, they made frequent incursions into the northern part 
of Santo Domingo for the purpose of killing the cattle. Those 
who engaged in this pursuit came to be known as buccaneers, 
from boucan, the spit on which they cooked their meat. 

From Tortuga the French gained a permanent foothold on 
the western end of the island, the part now occupied by Haiti. 

Recall that the entire island has been at one time under 
Spanish rule, that the Dutch and British have each gained a 
foothold on the island, that eventually independence from 
France and Spain was gained, and the Republics of Haiti and 
Santo Domingo were established, that each of these young 
republics at one time or another gained possession of the 
entire island, and that these various changes were not effected 
without blood-shed. Indeed, the history of the island from 
the time of its discovery by Columbus in 1492 up to its mili- 
tary occupation by the United States in 1916 has been one of 
external war and internal revolution. Even in the short 
history of the republics, the list of presidents is of wearying 
length, the common way of removing a president being by 
assassination, and of establishing a new government, by 
revolution. 

The result of this constant state of turmoil was that the 
resources of the island remained undeveloped, the people 
impoverished ; a relatively large national debt was acquired, 
lawlessness prevailed, education and sanitation were sadly 
neglected. 

Even in the few years during which the United States 
Military Government has been in control, splendid progress 
has been made in bettering these conditions. Peace has been 
maintained, law and order prevail, schools have been estab- 
lished, agriculture has been fostered, highways (one of the 
greatest essentials to the development of the country) con- 
structed, and great has been made in sanitation. 
The credit for this work is due to the splendid group of 
U. S. Naval officers, who have been in charge of the military 


pre 
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government. The customs have been collected and not only 
have the expenses of this work been paid for, but the national 
debt which amounted to approximately $20,000,000.00 in 1907 
has been reduced by about half.* 

At the request of the military government of the Domin- 
ican Republic the School of Tropical Medicine, Harvard 
University, sent a commission consisting of Drs. A. W. 
Sellards, W. L. Moss and G. H. Bigelow to Santo Domingo 
The results of 


the observations made are herewith presented in abstract. 


during the summer of 1920 to study yaws. 


ChinicaL DescripTION or Yaws 

As the disease is strictly limited to tropical and subtropical 
countries, it may be unfamiliar to many physicians who have 
not been in the tropics: hence a brief introductory descrip- 
tion of yaws is given.7 

Synonyms.—Frambeesia tropica, yaws, buba, pian, ete. 

Definition.—A tropical specific infectious and contagious 
disease caused by Treponema pertenue Castellani and char- 
acterized by a frambesiform granulomatous eruption. 

Distribution.—West Indies, Central America, northern part 
of South America, Africa, Malay Peninsula, Siam, Ceylon, 
parts of China. It is said never to occur in the mountains 
and cold districts and rarely above an elevation of 800 feet. 

Etiology.—The Treponema pertenue, first observed by Cas- 
tellani in 1905, is now accepted as the etiological agent of the 
disease. There has been much discussion concerning the 
question of the identity of yaws and syphilis, and while some 
observers still maintain their unity, the evidence at hand 
seems sufficient to establish them as two separate diseases. 
Charlouis, as early as 1882, successfully inoculated yaws in a 
syphilitic patient, and syphilis in a patient infected with yaws. 
That yaws patients are not immune against syphilis is further 
indicated by the observations of Powell and Nichols and of 
others, who have deseribed cases of syphilis supervening on 
yaws. 

Incubation Period.—Castellani gives the incubation period 
Paulet, in 1848, inoculated 14 
negroes with the secretions from frambasic granulomata, and 
In monkeys and 


as from two to four weeks. 


all developed yaws in from 10 to 20 days. 
other animals, experimentally inoculated with yaws, the incu- 
bation period varied from 16 to 92 days. 

Symplomatology.—The course of the disease, like that of 
syphilis, may be divided into a primary, secondary, and tertiary 
stage. Some authors add a fourth stage (paraframbeesial affee- 
tions), but it is questionable whether the observations on which 
this additional stage is postulated are reliable. 

*For the history of Santo Domingo the reader is referred to two 
fascinating books: “Santo Domingo—A Country with a Future,” 
by Otto Sehoenrich; and “Santo Domingo, Past and Present,” by 
Hazzard; both unfortunately out of print. Free use has been made of 
these and of the Encyclopedia Britannica in the brief historical note 
here given. 

+ This description is taken largely from the chapter on Frambeesia 
Tropica, Manual of Tropical Diseases. Castellani and Chalmers, 


Third Edition, Wm. Wood & Co., 1920. 


JOHNS HOPKINS HOSPITAL BULLETIN 45 


Primary Stage.—I\ncubation period two to four weeks, char- 
acterized by malaise, rheumatic pains, headache, sometimes 
irregular fever. The primary lesion (mother yaw, madre buba) 
appears as a papule, which after a week becomes moist, and 
develops a yellow secretion. A crust may form, which on 
removal reveals an ulcer with a granulomatous base. The 
primary lesion may heal before, but usually persists until 
after the secondary eruption has appeared. 

Secondary Stage.—The secondary stage begins in from one 
to three months after the primary lesion, and is characterized 
It is 


preceded by malaise, headache, severe pains in the muscles, 


by a general eruption of granulomata over the body. 
joints and bones. In some cases there may be fever of an 
intermittent type. The granulomata appear first as minute 
papules, which increase in size to an average diameter of 
about one centimeter. They may coalesce, become secondarily 
infected, and form large ulcerating areas. In the majority of 
cases—within three to six months in children, and six to 
twelve months in adults—the granulomata dry up, shrink, 
In some cases the granulomatous eruption 


and disappear. 
may continue for several years, new crops of nodules appear- 
ing from time to time in succession. The granulomata gen- 
erally undergo involution within from two to four months, 
leaving behind, as a rule, some change in pigmentation. At 
times secondary ulceration occurs, leading to deeper sears, and 
occasionally the granulomata take the form of a circinate 
eruption. 

The granulomata frequently occur on the soles of the feet, 
less often on the palms of the hands, with a resulting condition 
closely resembling the syphilitic psoriasis palmaris and 
plantaris. 

The alimentary, respiratory, excretory, and central nervous 
systems are rarely involved. The joints are frequently swollen 
and painful. Lesions of the mucose are rare. Castellani and 
Chalmers have not observed alopecia, but state that various 
groups of lymphatic glands are fourid enlarged. There may 
he a moderate degree of anwmia of secondary type and an 
increase in the large mononuclears. The Wassermann reaction 
is positive in the great majority of recent cases, but is fairly 
often negative in old cases. 

Tertiary Slage——The disease often terminates with the 
secondary stage. Sometimes the secondary and tertiary stages 
merge, or there may be an interval of vears between them. 

The characteristic lesions of the tertiary stage are gum- 
matous-like nodules and deep ulcerative processes, frequently 
The bones are quite commonly 
implicated, but visceral lesions are rare or absent. Castellani 
and Chalmers think that Gangosa, an ulcerative condition of 


resulting in great deformity. 


the palate, nose, and pharynx, is in reality a tertiary manifesta- 
tion of yaws. 
Histopathology.—In the frambesic papules the surface epi- 
thelium is greatly thickened and numerous clongated down- 
growths are seen. In patches the epithelial cells are swollen, 


vacuolated and degenerating. Cireumscribed areas contain 


The layers near the corium 
There 


polymorphonuclear leucocytes. 
are almost normal, but the corium itself is edematous. 
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is a diffuse cellular infiltration consisting of polymorphonu- 
clear leucocytes, large and small mononuclears, eosinophiles, 
plasma cells, mast cells, connective-tissue cells and some 
extravasated erythroeytes. ‘T'reponemata are present in the 
granulomata. 

Treatment. * Castellani’s 
Mixture ” 


sodium salicylate, and sodium bicarbonate. 


Brodin in 1910 tried antimony. 
Yaws contains tartar emetic, potassium iodide, 
Salvarsan was 
first used by Nichols in the experimental disease in monkeys, 


The 


cure of yaws with salvarsan or nco-salvarsan is one of the most 


and by Strong in the treatment of the disease in man. 


striking examples of specific therapy that medicine presents. 

The malady does not appear to be hereditary. The course 
of the disease is chronie, resulting in serious disability and 
much suffering in a majority of cases. The mortality from 
yaws is not high, and death, when it occurs, is usually due to 
secondary infections. 


Tue Autriors’ OBSERVATIONS 


In discussing the cases observed by us in Santo Domingo 


the following abbreviations are used for convenience of refer- 


ence. If the reader will take a moment to familiarize himself 
with these. the understanding of what follows will be 
facilitated : 

M. Madre buba, mother yaw, primary lesion. 

Bb’. Florid secondary eruption of granulomata. Karly 


secondary stage. 


B. Sparse recurring secondary granwlomata. Late secon- 
dary stage. 
Late lesions on the soles. 


C. Clavus, Late secondary stage. 


P. Palmar lesions. Late lesions on the palms, Late sec- 
ondary stage. 
G. Gomma.” 


H. History of 


Tertiary stage. 


Vaws. No active lesions present. Quiescent. 
PRIMARY STAGE 

We observed 64 cases in which a primary lesion was present, 

sometimes alone, oftener in combination with other manifesta- 

tions of the disease. Briefly these cases may be presented in 


the following tabular form : 


Average age Average duration 
Diagnosis No. Of causes in yrs, im mos, 
15 6.6 23 
25 85 7.3 
13 11.6 t.1 
5 10. 17.2 


The extremes of age in this group of cases were 7 months 
and 60 years. The duration of the madre at the time of 
observation varied from one month to six years, and the size 
varied from 1 to 7 em. with an average diameter of about 
2.5 cm. 


madre buba as the only active lesion, five showed healed scars 


Of the 15 cases in the above group which presented a 


of secondary granulomata ; thus there were only 10 cases which 
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had not progressed beyond the primary stage. In 54 Cases, 
or 84 per cent, of our series, the madre persisted after the 
appearance of secondary lesions. 

Location of Primary Lesion—In 969 cases the location of 
the madre was determined either by history, observation of 
the lesion, or sear (in 635 cases, or 71 per cent, the sear was 
present). In 18 additional cases the patients stated that they 
had had no madre but that multiple granulomata had appeared 
simultaneously over the body. In two cases the patients 
claimed to have had two madres simultaneously. 


Taste Location or Mapre 


Cases \pprox, per cent 
Lower extremities 803 82.87 
969 100 


The primary lesion occurred on the right side of the body in 
125 cases and on the left side in 468 cases. In the remaining 
cases, the site was noted as knee, ankle, ete., but the side of the 
body was not recorded. 

These figures have been analyzed to determine if the site of 
the madre might throw any light on the mode of transmission 
of the disease. In this connection it is to be remembered that 
we are dealing with a bare-footed and bare-legged population, 
that even the adults are scantily clothed, that the upper ex- 
tremities are almost as much exposed as the lower, and that 
children of both sexes usually wear no clothing until they are 
about five years of age. 

Sexual Transmission.—Sexual transmission as a common 
method may be excluded because of the fact that in only 
| per cent of our series was the primary lesion on the genitalia. 
Of these 10 individuals, 6 were males, 4 females, and 5 were 
under 8 years of age. Moreover, in 25 per cent of all the 
cases in our series the infection occurred before the fifth year 
of life. 

Hereditary Transmission.—We saw no evidence of heredi- 
tary transmission in any case. 

Insect Transmission—We think that transmission by the 
bites of the common flying insects, such as flies, mosquitoes, 
ete., may be excluded on the basis of the distribution of the 
primary lesion: in the great majority of cases, the madre 
occurred on the lower extremities, whereas the face and upper 
extremities are equally exposed to the bites of these insects. 

The preponderance of the primary lesion on the lower ex- 
tremities as compared with the trunk would likewise seem to 
exclude transmission by the bites of such non-flying insects as 
lice, fleas, bed-bugs, and the like. 

The fact that in such a large majority of cases (83 per cent) 
the primary lesion occurred on the lower extremities led to a 


further analysis of these cases. The result is shown in the 
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following tabulation, and for comparison the figures for the 


upper extremities are given: 


Cases Cases 


It will be noticed that the frequency with which the primary 
lesion is found on the various parts of the lower extremities in- 
creases strikingly as one approaches the ground. This sug- 
vests that if the disease is transmitted by the bites of insects, 
we should think of some non-flying insect which remains on or 
near the ground, and does not normally prey on man or even 
desire to domicile with him: such as ants, ground spiders, and 
the like. 

The possibility that trauma provided the portal of entry 
for the treponema has been suggested, The vreater frequency 
of the primary lesion on the exposed parts of the body fits in 
with such an hypothesis. It seems probable also that in a 
hare-footed population the lower extremities would be the 
most frequently traumatized part of the body, and that the 
frequency of minor injuries would increase as one progressed 
lown the extremity. Kxamination of the preceding table 
shows that the frequency with which the madre occurs on the 
various parts of the lower extremities increases as one descends 
toward the foot. 

Man, being a forward-going animal, is apt to get most of his 
knocks from in front; accordingly, we have analyzed the 
primary lesions occurring on the knees, legs and ankles with 
reference to their occurrence on the anterior, external, internal 
and posterior surfaces. 

As far as our records showed this data, the results are set 
forth in the following table: 

Internal osteriot 


Anterior External 


107 35 19 12 
25 79 S4 13 


In the case of the knees and legs it is shown that the anterior 
surface leads by a large majority, the external surface comes 
next, followed by the internal surface, while the posterior 
surface finishes a poor last. This probably corresponds closely 
to the exposure to minor traumata. 

In regard to the ankle the circumstances are different. 
Owing to its conformation the malleoli are about equally ex- 
posed to injury, while the anterior surface of the ankle is pro- 
tected by the projecting foot which receives on its dorsum the 
injuries which would otherwise go to the ankle. This corre- 
sponds with the frequency of the madre on the various parts 
of the ankle, and with the fact that in the case of the foot, 


the primary lesion was found on the dorsum in a great ma- 


jority of cases. 
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It appears probable from our observation, therefore, that 
trauma, frequently minor in character, usually determines the 
site of the primary lesion in yaws. ‘This is entirely com- 
patible with the view that the disease may be transmitted by 
that 


direct contact, or insects, flies, ete.. may be vectors of 


the virus. 


SECONDARY STAGE 


144 


patients who presented themselves during the florid secondary 


Florid Secondary Stage. In our series there were 


stage of the disease. In 38 of these the primary lesion was 
still present and in 37 the late lesions of the soles, known as 
clavus, had made their appearance. 
Briefly summarized these cases are presented in the follow- 
ing table: 7 
SECONDARY STAGE 


No. of cases With 


No. of Ave. Avg. iresh granulomata on 
Diagnosis cases ize duration soles palms 
MB’ 25 8.5 yrs. 73 mos. 2 l 
13 116 il 7 l 
82 88 “ 123 “ 6 0 

144 24 (166%) 4(28%) 


Exclusive of the 38 still showing the primary lesion and 


previously analyzed, the youngest patient in this group was 


1 year and the oldest 50 years. 
While clavus may develop very early in the disease, witness 


- 


the 13 MB’C cases with an average duration of 4.1 months, 
as a rule it does not develop until the disease has lasted more 
The average duration in the 82 patients who 


than a year. 
2.3 months, 


presented only secondary granulomata was 1%.5 
whereas the average duration of the cases which showed clavus 
in addition to the florid secondary eruption was 30.4 months. 
The greater frequency of granulomata on the soles as com- 
pared with the palms is indicated by their presence in the 
former situation in 16.6 per cent of this group as against 
2.8 per cent in the latter situation. 

From our observation and the histories we obtained, we are 
led to believe that, in the disease as it occurs in Santo Do- 
mingo, practically all of the patients, sooner or later, develop 
eranulomata on the soles aud become the victims of the painful 
condition which they designate as clavus. 

The secondary eruption, as we saw it, corresponds closely to 
the text-book description as given by Castellani and Chalmers. 
The individual granuloma does not differ materially in appear- 
ance from the primary lesion except that it usually does not 


become so large and seems less apt to undergo as deep ulcera- 


tion. In our notes we described the earliest stage observed by 
us, as a small papule 1 to 2 mm. in diameter, gray in color, 


These 


papules increase rapidly in size to an average diameter of 


and surrounded by a narrow zone of hyperemia. 


about 1 cm. and are usually elevated 9.5 to 0.75 em. above the 


skin. The surface of the granuloma is covered with minute 
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a raspberry-like appearance from which 
and 8). 


bosses which give it 
the disease takes the name frambesia (Figs. 4, 5, 6, 
In the early stage the granulomata are of a pearly gray color ; 
later they are apt to become covered by a thin yellow crust. 
After a few weeks or months retrogressive changes take place ; 
the lesions turn dark, often black in color, shrink in size, the 
surface becomes checkered, and after a time all that remains is 


a black crust, which on falling may leave no sear; more 
frequently pigmentary changes persist, which may consist of 
increased pigmentation, apigmentation or an apigmented area 
surrounded by a zone of increased pigmentation. 

At no stage of the granulomata was vesiculation noted. 
They may go through their entire existence without ulceration, 
but more frequently they become secondarily infected, and 
consequently more or less deeply ulcerated. During the florid 
secondary eruption there may be hundreds of granulomata over 
the body, and no part of the cutaneous surface, from the crown 
of the head to the soles of the feet, is exempt from invasion. 
the 


borders—nostrils, mouth, genitalia, anus, and moist surfaces—- 


They show a special predilection for muco-cutaneous 
axille, internatal region, between the upper thighs and popli- 
teal spaces (Figs. 7 and 8). The 
to be rarely involved and we saw but one such case in our 


mucous Membranes are said 


series, a single granuloma on the vermilion surface of the 
lower lip. We observed no case of alopecia except as the result 
of ulcerative processes involving the scalp. One patient pre- 
sented the typical circinate arrangement of the lesions on the 
face, which strikingly suggested the Indian war-paint appear- 
ance (Fig. 12). 

Usually there was no complaint of pain in consequence of 
granulomata on the body except in cases in which they were 
situated on the bearing surfaces of the feet, on the palms of 
the hands or when extensively ulcerated. 

Arthritis (Fig. 22) and dactylitis were fairly common, al- 
though they usually occurred later than the florid secondary 
the disease. 


Stage olf 


The knee-joints were inyolyed most 
commonly, the elbows next in frequency. Usually a single 
joint was affected. The swelling was sometimes considerable 
and in one instance as much as 200 ¢.¢. of slightly turbid, 
This 


fluid was without evident effect when injected into the perl- 


straw-colored fluid was aspirated from a knee-joint. 
toneal cavity of a guinea-pig. The dactylitis took the form 
of the usual spindle-shaped fingers, generally a single digit, 
sometimes several, being involved. 


Late Secondary Stage—There were 190 cases in the series 
that were considered to be in the late secondary stage of the 
disease. The patients had passed through the florid secondary 
eruption as evidenced by the numerous scars of previous granu- 
lomata. Many of them had doubtless been entirely free from 
active lesions for variable lengths of time after which one or 
more recurrent granulomata had appeared. It is evident from 
the histories obtained that the disease may undergo an apparent 
spontaneous cure, but sooner or later granulomata reappear 


in a majority of cases and successive crops, consisting usually 


of only a few lesions, continue to make their appearance, with 
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free intervals between for many years. Briefly tabulated 
these cases may be presented as follows: 
Late Seconpary 


No. of cases With 


No, of \ve Ave. fresh granulomata on 
Diagnosis Cust ime duration soles palms 
24.2 yrs. 19 mos. 2 
MBC... §& 10.0 “ l 1 
60 93 296 “ 16 
106 65 “ 5A yrs. 69 l 
BCP ... 205 “ 10 4 


Total... 190 98 (51.6%) 8 (42%) 

Of the 190 patients inthis group, 60 had as their only active 
manifestation of the disease a few secondary granulomata, 10é 
had granulomata plus clavus lesions and 13 had, in addition to 
the above, palmar lesions. Eleven cases which have already 
been analyzed with the madre cases are included here, as they 
appear to have been in a late secondary stage of the disease in 
spite of the persistence of the primary lesions, 

The extremes of age in this group are 1 and 75 years; and 
while the former figure shows that a late secondary stage may 
be reached not only early in life but comparatively early in 
the disease, the average age in this group indicates that this is 
exceptional, and both the average age and average duration of 
the disease at the time of observation point to the chronicity 
of the secondary stage of the disease. 

Cravus.—Perhaps the most curious and interesting effects 
of the disease are the late lesions which occur on the soles 
of the feet and it is to these that much of the pain and dis- 
ability is due. We have adopted the term “ Clavus ” used by 
the natives, because it seems an appropriate one, although they 
use it to designate conditions of the soles long after anything 
suggesting a “* Nail ” has disappeared. 

In a previous section attention has been called to the 
frequeney with which secondary granulomata appear on the 
soles. Those occurring in this situation do not differ materi- 
ally in appearance from granulomata seen elsewhere on 
the body (Fig. 13). They are perhaps more frequently 
secondarily infected, and are apt to ulcerate, probably as 4 
result of the fact that the natives seldom protect them by any 
sort of dressing and continue to hobble about even when the 
feet appear to be in a shocking condition. 

If the granuloma on the sole heals without ulceration, as 
it shrinks, it separates from the surrounding epidermis and 
becomes cireumvallate. The hard, dry black core must act 
like a foreign body beneath the foot and it is the “ nail” 
which led to the use of the term clavus. Finally, the core 
drops out leaving the “nail hole,” a circular opening 0.75 
to 1 em. in diameter with sharp-cut edges which descend 
vertically 2 or 3 cm. to a flat base. 

Usually both soles are about equally involved, although 
rarely cases are encountered in which only one sole is affected 
(Fig. 15). 
vary from only a few to 20 or 30, 


The number of granulomata on each sole may 
Irregular erosion, the result 
of attrition of the epidermis intervening between the “ nail 
holes ” may account for the remarkable moth-caten appearance 
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of the soles which many of the old clavus cases present (Figs. 
14, 17 and 18). 

Under the designation “ clavus ” the natives include con- 
ditions differing from those just described and which are not 
so readily explained as the result of pre-existing granulomata. 
Not infrequently the soles presented a condition which is aptly 
described by the term honey-combed. The entire sole, or, in 
some cases only the bearing surface, was filled with pits 0.5 
em. or less in diameter, conical in shape and extending to a 
depth of 2 or 3mm. These pits are as closely and regularly 
set as the cells of a honey-comb, and no such number or dis- 
tribution of fresh granulomata was observed as would suggest 
that each pit could represent the site of a previous tumor. 

In other cases the epidermis of the entire sole or a large part 
of it was greatly thickened, black, and dead-looking. 

The natives applied the term clavus indiscriminately to any 
of the conditions just deseribed. Pain was the characteristic 
common to all. Like the granulomata elsewhere on the body, 
the clavus lesions would clear up spontaneously in time, only 
to recur again and again throughout many years. 

Occasionally a condition of the soles was seen to which the 
natives apply the name “ Rajadura,” which means a fissure 
or crack. ‘The fissures, 2 to 3 cm. long and 2 to 3 mm. deep, 
are usually arranged vertically about the periphery of the 
heel: More rarely they occurred in the sole beneath the instep 
or ball of the foot, where they might attain a length of 6 or 
8cm., reaching to a considerable depth and, like those of the 
heel, cause much pain. We gained the impression that these 
fissures were also due to yaws, and for this reason have in- 
cluded in our analysis the relatively small number of cases en- 
countered with clavus, although the term “ Rajadura ” is more 
descriptive. 

Before proceeding to the analysis of the clavus cases it may 
be well to state that we have not included in this category any 
cases which presented fresh grannlomata as the only lesions 
of the soles. We have reserved tne term clavus to designate 
only the late effects of the infection on the soles, and think 
that these should be regarded as belonging to the late secondary 
stage of the disease. It may be of interest to give here a 
description of the changes which took place in the clavus cases 
following the administration of neo-salvarsan leading to their 
cure. A statistical statement of the result of the treatment 
in all cases will be given in a later section of this paper, but the 
results obtained by treatment furnished corroborative evidence 
that these several different lesions were properly considered as 
a manifestation of yaws. 

We were prepared to expect the improvement which resulted 
from the use of neo-salvarsan in the cases with fresh granulo- 
mata, whether they were situated on the soles or elsewhere on 
the body, but it seemed rather too much to expect that these old 
“moth-eaten,” dilapidated soles would be rejuvenated by a 
few injections of any drug. The first few patients were given 
an injection more as a placebo on account of their importunity 
and the long distances that some of them had come, rather than 
with any expectation that they would be benefited. When these 
patients came back at the end of a week, however, their feet 
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not showing the least improvement in appearance, we received 
with surprise and incredulity the statement that they were 
cured of pain and when they adduced, in support of their claim, 
the statement that, whereas they had been obliged to come on 
horse the first time, they were able to return on foot, we were 
encouraged to try treatment on other cases. In the end clavus 
comprised the largest and in certain respects the most im- 
portant group of cases that were presented for treatment. 

A week after the first injection of neo-salvarsan there was, 
as a rule, no objective change in the feet, but almost without 
exception the patients affirmed that the pain was either greatly 
ameliorated or entirely gone. The injections were usually 
given at from seven to ten day intervals. About a week after 
the second injection, the old dead epidermis loosens up about 
the edges of the clavus holes, erosions and fissures, and begins 
to desquamate. This process goes forward rapidly until within 
a week or two after the second injection all the old epidermis 
has been shed, exposing healthy pink skin. 

The following table summarizes the clavus cases: 


No. of Ave. Ave. Sole affected 
Diagnosis Cases Age duration Right Lett Roth 
13 11.6 yrs. 1.1 mos. 11 6 
— 4 3 
ee 24 129 “ 304 “ 21 23 20 
1066165 54 yrs. o4 92 80 
er 13 205 “ 113 “ 11 13 ll 
327 216 “ 299 291 266 
il 294 “ 129 “ 33 35 27 
327 “ “ 45 47 42 
579 515 516 455 


In 3 of the 579 clavus cases no note was made as to which 
sole was involved. It is apparent, however, that the right and 
the left sole are affected with equal frequency, and that in a 
majority of cases both soles are implicated (79 per cent in the 
above series). 

Although we have seen clavus in an infant of one year, atten- 
tion is called to the fact that the average age of the largest 
group in this series, the 327 patients who had clavus only, 
was 21.6 years, and that the average duration 7 of the disease in 
this group at the time they presented themselves for treatment 
was 9 years. 

Palmar Lesions.—Verhaps corresponding to the clavus 
lesions, though not so definitely dependent upon granulomata, 
are the painful keratoses and fissures which, late in the disease, 
appear on the palms of the hands. There is sometimes more or 
less erosion of the epidermis and frequently an inability to open 
the hand fully and extend the fingers. This is apparently due 
to a certain amount of contraction of the hard, dry keratosed 
surface. 


* The group of 41 cases designated as C-++ had in addition to clavus 
some other condition which apparently was not dependent on the yaws 
infection. In a majority of cases the additional affection consisted of 
chronic leg ulcers. 

+ Wherever average duration is given in this paper it refers to the 
duration since the first appearance of the primary lesion and not to the 
duration of any particular stage, unless so specified. 


= 
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The condition is usually painful, though less so than clavus, 
and interferes with manual labor. It is a much rarer lesion 
than clavus, and appears to develop in older individuals and 
later in the disease, though it seems to be equally amenable to 
treatment. 

In our series this condition was met with 68 times, but only 
five of these patients had palmar lesions (exclusive of sears) 
as the only effect present. These 68 cases are briefly sum- 
marized in the accompanying table : 


No. of Averagt \verage 

Diagnosis cases age duration 
13 20.5 vrs. 11.3 vrs. 
50 33.7 “ 18.7 “ 


It is rather striking that of the cases presenting a single 
manifestation of yaws, clavus forms the largest group, 327 
cases, while those showing palmar lesions (other than fresh 
granulomata) constitute the smallest group—five cases. It is 
also striking in the above summary of the palmar cases, that 
those associated with clavus as the only other lesion form the 


largest number—50 out of 68 cases. 

It is interesting that the average duration of the disease in 
the CP group, 18.7 years, is the longest of any group of the 
entire series, not excepting those in the tertiary stage of the 
disease. 

Studded Lesions.—In a number of cases we observed nodular 
skin lesions which we believe to be a manifestation of yaws 
( Fig. 20). The earliest stage of these nodules was either not 
observed or else was not recognized as the beginning of lesions 
which in a later stage of their development became quite 
familiar to us. Apparently, these lesions may oceur on any 
part of the body, although we never observed them on the head 
or face. The forearms and legs were the commonest sites in the 
cases which we observed. The thighs and trunk were fre- 
quently implicated and lesions starting on the dorsum of the 
foot and extending on to the plantar surface were noted. 

A typical picture of the condition as observed by us may be 
described as follows: The individual lesion consists of a 
moderately hard skin nodule, 1 em. in diameter, elevated 3 to 
4 mm., not painful, unaccompanied by itching and without 
striking pigmentary changes until after regression, when in- 
crease of pigment may mark its former site. These nodules 
are thickly studded and regularly set over an area 8 to 10 em. 
in diameter. The size of the area involved increases by an 
advancing margin consisting of an almost unbroken row of 
nodules. As this peripheral advance occurs, healing takes place 
in the center of the area. If the nodules do not ulcerate this 
retrogression is accompanied by.desquamation of the epithe- 
lium. The nodules gradually flatten out and finally disappear, 
leaving no trace, or more often a circular area of increased 
pigmentation. 

In no case were the nodules observed to pass through a 
vesicular stage, but they frequently underwent ulcerative 
changes varying from very superficial ulceration involving only 
the individual nodules to extensive and deep ulceration which 
sometimes became confluent over large areas of the body and 


extended to the subeutaneous tissues. The degree and char. 
acter of the resultant scarring probably depends upon the 
depth to which the uleeration had extended, Sometimes thep 
remains only an increase of pigmentation, as mentioned above: 
sometimes the skin over the entire area involved was left thiy 
and crinkly and in patterns like those which form on the sup. 
face of hot chocolate which has been thoroughly boiled and 
allowed to stand awhile. Again, where the ulceration has ey. 
tended toa greater depth there may result complete leucoderm, 
and sometimes painful keloid (Fig. 21). 

We have called these lesions * studded ” for the lack of ¢ 
more descriptive term. The area involved, when small, is 
usually circular, but as it increases in size it is apt to become 
elliptical or more often it approaches a rectangular shape but 
with rounded corners. If situated on an extremity, the long 
diameter of the area coincides with the axis of the limb 
Seldom does it completely encircle an extremity even wher 
large areas are involved. 

We regret that we had no opportunity of studying thew 
lesions histologically. They do not in the least resemble the 
primary and secondary granulomata. We do not know if they 
should be considered a late secondary manifestation of the 
disease or if they belong to the tertiary stage. 

We have notes on 37 cases, the youngest patient exhibiting 
these lesions being 5 years of age and the oldest 80 years. *The 
average age in this group was 28.8 years, which comes next in 
length to the gomma group (29.3 years). The average dura- 
tion of the disease (yaws) in this group was 13.5 years with 
the extremes of duration 5 months and 39 years. This average 
duration is exceeded only by the P, G, and CP groups. 

Our belief that these skin lesions are a manifestation of 
yaws is based on the fact that they were observed only in 
patients who gave a history of yaws, or who had other recog- 
nized yaws lesions, and on the observation that they apparently 
responded specifically to neo-salvarsan therapy. 

We are inclined to regard them as a late secondary mani- 
festation of the disease. 


TERTIARY STAGE 


The impression gained from a fairly close study of over 
a thousand cases leaves no doubt in our minds that yaws an¢ 
syphilis are separate diseases. Exclusive of the evidence con- 
tained in the literature of inoculation experiments, the occur- 
rence of yaws and syphilis in the same patient, the difference ip 
the response of the two diseases to mercury, the possibility 6! 
reinoculation in yaws, the localization of the disease to the 
tropics and below certain altitudes, the grounds afforded by ow 
own experience on which we base our opinion are as follows: 
Syphilis is universally recognized as a venereal disease, the 
primary lesion is, in the vast majority of cases, located on the 
genitalia and even in the cases not contracted through sexual 
intercourse, in which the primary lesion is extra-genital, the 
course of the disease is in no way modified by the method of 
inoculation or the unusual seat of the chancre. Yaws, as we 
have already pointed out, can be excluded from the categor\ 


of venereal diseases by the fact that in a series of approximately 
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a thousand cases the primary lesion was located on the genitalia 
inonly | per cent and infection took place in 25 per cent before 
the fifth year of life. Moreover, the primary lesion in yaws 
differs distinctly in appearance from chancre, even when the 
latter is extragenitally located, the madre buba, as a rule, 
being larger, the surface rougher; moreover, in no case was 
there the hardness sometimes present and usually considered 
characteristic of the syphilitic lesion. 

In no case did we observe any evidence or obtain any history 
of hereditary transmission of the disease. 

The duration of the madre buba and the high percentage of 
cases in which it persists after the onset of the secondary stage 
of the disease (84 per cent in our group of 64 madre cases) 
is contrary to what is observed in syphilis. 

When we come to consider the secondary stages of the two 
diseases we find more striking contrasts and more especially do 
we note the remarkable pleomorphism of the secondary lesions 
of syphilis and the faithful monotony of the secondary granu- 
lomata of yaws. The versatile Spirocheta pallida may occa- 
sionally produce a counterfeit yaws but never did we observe a 
yaws patient in the secondary stage of the disease who failed 
to show either typical granulomata or scars which we felt sure 
were the marks of typical granulomata. Even the secondary 
infections and ulcerations which may result do not disguise 
the nature of the lesions. 

Although Castellani and Chalmers say that “ occasionally, 
peeling, whitish patches may be seen on the palms of the hands 
and soles of the feet closely resembling the syphilitic psoriasis 
palmaris and plantaris ” we have never observed in syphilis 
anything resembling the clavus and palmar lesions which we 
have described as occurring in yaws. On the other hand, none 
of the yaws cases which we observed presented such char- 
acteristic secondary manifestations of syphilis as the macular 
skin rash, mucous patches and alopecia. 

In the tertiary stage of the disease the absence of visceral 
involvement especially of the heart, blood vessels, liver and 
kidneys is in striking contrast with the frequency of their 
involvement in syphilis. Moreover, in a series of over a 
thousand cases in which the average duration for the entire 
series was 20.3 years and 79 of which were in the tertiary stage, 
none showed any evidence of central nervous system involve- 
ment. We do not wish to attach undue significance to the 
absence of central nervous system lesions in this series of 
cases because the relative immunity of the colored race to 
such involvement in syphilis is well known. 

Finally, the marked difference in the response of yaws and 
syphilis to neo-salvarsan is a not unimportant point in favor of 
the duality of the two diseases. We have seen the lesions of a 
patient in the florid secondary stage of the disease melt away 
completely after a single injection of 0.6 gm. of neo-salvarsan. 
Indeed the cure of yaws by this agent is the most dramatic 
therapeutic performance that we have ever witnessed. 

But although a decision between syphilis and yaws in the 
primary and secondary stages was arrived at with little diffi- 
culty, there were cases presenting tertiary lesion in which 
we found it impossible to make the differential diagnosis (Figs. 


23, 24, and 29). There were patients with periosteal thicken- 
ings of the long bones; especially of the tibia, radius and ulna, 
There were those with typical spindle-shaped swellings of one 
or more fingers, and others with the bridge of the nose de- 
stroyed and with perforation of the hard and soft palate (the 
condition known as gangosa). There were cases in which old 
ulcerative processes had led to loss of substance of the cranial 
and other bones. Some of the patients who had an eye that 
had ulcerated out, and some in whom the nose was almost 
completely destroyed or fingers or toes had been lost, suggeste 
the ravage of leprosy. Whether these results were due to 
syphilis or yaws we are unable to state positively. The patients 
themselves applied the term “ Gomma ” to all tertiary lesions 
and stoutly maintained that they were due to the latter disease 
“ vaws.” 

There were other patients exhibiting tertiary manifestations 
which bore no resemblance to syphilis as we see it in the United 
States to-day. These included extensive skin ulcerations, great 
enlargement and deformity of the hands and especially of the 
legs and feet. 

As previously mentioned, pain in the joints and often an 
effusion was a frequent complaint in the secondary stage. 
Many of the tertiary cases showed arthritic enlargement and 
partial or complete fixation. 

That those cases objectively indistinguishable from syphilis, 
were actually yaws, we must, of course, leave unsettled. In 
favor of the view that they were yaws are the following facts : 

The patients themselves, who are familiar with both dis- 
eases, maintained that the condition from which they were 
suffering was yaws. Practically all of this group denied having 
had syphilis (this denial deserves some consideration, because 
little or no shame attaches to venereal infection among the 
natives). There were 79 individuals in the “ Gomma ” group 
and of these 67 were able to give the location of the primary 
lesions. Corroborative evidence of the correctness of their 
statements as to the location of the primary lesion was furn- 
ished by a scar in 34 cases. In only two of the 67 cases was the 
location of the primary sore at all a usual one for a chancre, the 
upper lip in one case and perineum in the other. 


SuMMARY OF THE GoMMA CASES 


No. of Average age Duration in years 

Diagnosis cases in years Extremes Average Extremes 
67 29.3 3-85 163 7/12-59 
1 ) 
252 7-60 97 1-40 
5 
1) 


The youngest patient in the entire gomma group was 
3 years, the oldest 85 years. The average age for the entire 
group, as well as the duration of the disease at the time of 
observation, was greater, as would be expected, than in any 
other group with the exception of the cases with palmar lesions. 
The extremes both of age and duration are strikingly far apart. 

It is of interest that in one case the primary lesion per- 
sisted after tertiary manifestations had made their appearance. 
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That the disease may progress to the tertiary stage in a 
comparatively short time is shown by the fact that in 10, or 7.9 
per cent, of the gomma cases the disease had existed 2 years 


or less at the time of observation. 


LATENT YAws 

We have included in our series 127 individuals who had no 
active lesions of yaws at the time they were observed but who 
gave a history of having had the disease and who, in most cases, 
exhibited confirmatory evidence in the way of sears. Brief 
histories were taken and examinations made of all these cases, 
inasmuch as they furnished certain statistical data of some 
interest. Moreover, being impressed with the chronicity of the 
disease, the frequent recurrence of active lesions after longer 
or shorter periods of latency, with the doubt in our minds that 
spontaneous cure occurred in any considerable proportion of 
the cases, and at the earnest solicitation of these individuals 
many of whom would say “I had clavus last month and 
[ will have it again next month ” or “I have a breaking out of 
the buba every year,” we made a practice of giving one or more 
injections of neo-salvarsan to patients in whose cases the his- 
tory and examination satisfied us that they probably had had 
yaws. 

The 127 cases which come under this heading may be tabu- 
lated as follows: 


No. of Age in vears Duration in vears 
Diagnosis cases Average Extremes Average Extremes 
55 212 1-80 8.8 yrs. 2/12-50 
27 22.9 2-62 102 “ 6/12-45 
H ulceration .. 45 27.6 10-80 6s * 3/12-59 


Of the cases in this group those designated H were without 
active lesions of any disease, but gave a satisfactory history of 
having had yaws. Under H+ we have grouped those indi- 
viduals who, in addition to giving a history of having had 
yaws, had symptoms or signs of some other disease such as 
various skin eruptions, pains in various parts of the body. 
extensive scarring and other manifestations. One man gave 


The H 


ulceration group comprise 45 cases which in addition to a 


a history of chancre and had a sear on the prepuce. 


history of yaws showed active ulceration on some part of the 
body, usually old leg ulcers, which we could not definitely 
identify as yaws, and in most cases believed to be due to some 
other condition. 

[t seems not unlikely that this group of 127 individuals must 
have included many sufferers from latent yaws who, had they 
been left untreated, sooner or later would have again developed 
active lesions and not only suffered the disability arising from 
the disease themselves, but would also have become active 
The statistics of this 
group seem to lend weight to this view. 


agents in the spread of the disease. 
The average age in 
this group (23.8 yrs.) is lower than the average age of various 
other groups which showed active lesions, e. g., groups MB, 
C+, CP, P, G, and G+. 
this group (9.7 years) is shorter than that in several groups 


Moreover, the average duration in 


showing active lesions, e. g., C+, CP, P and G. 


Indeed in 33, or 26 per cent, of these 127 cases the priman 
lesion had developed within 2 years prior to the time they 
applied for treatment. It seems highly probable that some of 
these 33 patients may have been in a free interval between the 
primary and secondary stages of the disease and that th 
majority of them were in a latent period following the ear) 
secondary eruption. 

With a very limited time in which to work among a givey 
population and with the object of accomplishing as much x& 
possible toward eradicating the disease from the locality iy 
which we were stationed, we think the policy of treating 
patients who gave a history of having had the disease, eve, 
though without active lesions at the time, is fully justified. 


GENERAL REMARKS 

The epitrochlear glands were noted in 886 cases and wer 
found to be palpably enlarged in 519, or 58.5 per cent; they 
varied in size from a grain of wheat to 1 or 2 em. in diameter 
Sometimes two or three glands, 1 cm. in diameter, were found 
in the epitrochlear region. 

The femoral glands were noted in 121 cases and found e- 
In a majority of 
cases the femoral glands formed a visible ovoid swelling ir 
Searpa’s triangle frequently attaining a width of 3 or 4 em. 
It seems probable that the enlarge 
ment of this group of glands may have been due to the frequent 


larged in 100 per cent of the cases noted. 


and a length of 5 or 6 em. 


pyogenic infections on the feet and legs that occur in a bare 
foot population. 

The spleen was noted in 216 cases and found enlarged in 48, 
or 26.8 per cent. Malaria is common among the natives ani 
may account for the large percentage of cases with spleni 
tumor. 

The 
strongly positive in 78 cases (85.7 per cent), moderately posi 


Wassermann fest was made in 91 eases and foun/ 
tive in 4 cases, weakly positive in 1 case and negative in 8 cases. 
The 8 cases with negative Wassermann reactions were dis 


tributed with reference to diagnosis as follows: 


1 « C+ 


The Wassermann test was repeated in a few cases after one 
or two treatments, the interval between the two tests being not 
over a few weeks. In no case did the result of the second test 
differ from that of the first. If it had been possible to per- 
form the test at a longer interval after treatment, the results 
might have been different. 

Thus it will be seen that in the small number of cases in 
which we have data on the Wassermann reaction the negative 
reactions all occurred in the late secondary stage, the tertiary 
stage, or in patients who had no active lesions but who gave 
a history of yaws. 
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SRQUENCE AND DURATION OF THE VARIOUS STAGES OF Yaws 
In the discussion of this entire series of cases we have tried to 
take up the various distinctive manifestations of the disease in 
the order of their development. In so chronic a disease as 
yaws it was obviously impossible, in the limited time at our 
disposal, to observe a single case from the appearance of the 
madre buba, through the various stages, to the final deformity 
produced by the gummatous lesions. Moreover, it is apparent 
from the preceding sections that there is much overlapping 
of the various stages, many patients presenting two or even 
three different manifestations of the disease at the same time. 
In one case the madre buba persisted after the tertiary lesions 
nad developed. Indeed, not being able to observe the sequence 
of events, we were often ignorant as to what it had been. We 
believe, however, that a statistical study of the data collected 
enables us to unravel this tangle. Accordingly, we have 
tabulated those cases that presented only a single manifestation 
of the disease, arranging them according to the average age 
of each group. The table also shows the extremes of age as 
well as the average and extremes of duration for each group. 


No. of Age Duration 
Diagnosis cases Average Extremes Average Extremes 
el sands 15 6.6 yrs. 9/12-12 yrs. 2.3 mos. 1/12-7/12 yrs. 
82 88 “ 14-50 “ 123 “ 1/12-7 
_ 60 1-42 “ 29.6 “ 4/12-17 “ 
216 “ 3-68 “ 9 yrs. 4/12-58 “ 
127 238 “ 1-80 “ 2/12-59 “ 
15-45 “ 10-19 “ 
are 37 288 “ 5-80 “ 135 “ 5/12-39 “ 
rrr 67 293 “ 3-85 “ 163 “ 7/12-59 “ 

720 


This series comprises 720 cases and the number included in a 
majority of the groups is large enough to give averages that are 
probably fairly reliable. It seems to us that this arrangement 
according to average ages probably indicates the sequence in 
which the various lesions develop. Confirmatory evidence in 
support of the correctness of this view is furnished by the 
fact that the average duration of the disease, at the time 
of observation, in the various groups, with one exception 
(Studded Lesions) follows the same orderly progression as 
do the ages. The fact that the extremes of age and duration 
in each group may vary widely does not, in our opinion, invali- 
late the deduction which we have just made. 

We have attempted to use the data contained in the above 
table to answer certain other questions. It will be noted that 
the average ages and average durations are given as of the date 
of observation, and in the case of duration this does not repre- 
sent the actual average duration of the disease or any particular 
stage of it. To illustrate: A patient in the primary stage 
of the disease may have given a history of having had the 
madre huba 2 months at the time he applied for treatment; 
it is quite possible that this lesion would, without interference, 
have persisted for another 2 months. Thus in that particular 
case the duration of the primary lesion would have been 
t months. If our reasoning is correct, the actual average 
duration of the madre buba may be estimated by determining 
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the average duration of the lesions at the time of observation 
in a sufficiently large number of unselected cases under natural 
conditions and multiplying this average by two. Thus, in 
our series of madre cases, the average duration at the time of 
observation was 2.3 months, and if 15 cases were a sufficiently 
large number for generalization, we could say that the actual 
average duration of the madre stage of yaws is 4.6 months. 

Furthermore, if one stage supervened promptly on the termi- 
nation of the preceding stage, we could in turn calculate the 
actual average duration of each of the manifestations in the 
above series. For example, we would arrive at the average 
duration of the B’ lesions by multiplying 12.3 months by 2 
and subtracting the average duration of the madre stage. Thus 
we would find 20 months as the average duration of the florid 
secondary stage of the disease. The difficulty about applying 
such simple mathematical calculations to a disease like yaws is 
that there may be an interval free from active lesions and 
symptoms between the various stages of the disease, on the one 
hand, and, on the other hand, a considerable overlapping of 
the stages. This difficulty could have been overcome if it had 
been possible for us to obtain accurate histories of the date of 
onset of each stage of the disease. This we did not attempt, 
owing to the ignorance of a majority of the patients and the 
limited time at our disposal. 

Although we obtained a history of the primary lesion per- 
sisting for 6 years in one case and saw, patients with a florid 
secondary eruption, in one case 3 years, in another 7 years 
and in still another case 19 years after the onset of the disease, 
if we may accept the history given by these patients, it seems 
probable that the average duration of the florid secondary 
eruption is less than 2 years and that the late secondary 
lesions, especially clavus, may recur throughout a long period 
which, while frequently much longer, averages about 16 years 
and that in some cases patients may live to extreme old age, 
85 years in one case in our series, with tertiary lesions. 


Resutt oF TREATMENT 


Neo-salvarsan was used in the treatment of the cases here 
reported. The drug was dissolved in freshly distilled water 
in the proportion of 0.1 gm. to 2 c.c. and injected within 30 
to 45 minutes after being put in solution. The intravenous 
method was used in all cases except for young children with 
v ins difficult of access, these patients receiving the injections 
intra-muscularly in the buttock. The dose varied from 
0.075 gr. for an infant under 1 year of age to 0.6 gm. for a 
fully developed adult. Intermediate doses were given in pro- 
portion to age and body weight. While reactions were frequent, 
including chill, fever, headache and general malaise, we 
observed no permanent ill effects and in none of the patients 
who received the intramuscular injections did we observe 
abscess formation which reached the surface, although some 
of them showed a painful brawny swelling. 

It should be remembered that we were working under field 
conditions with no facilities for hospitalizing patients even 
over night, that many patients came two, three, and even four 
days journey on horse or on foot, over difficult trails, beaten 
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upon by tropical sun and often drenched by tropical rains, with 
the ground for a bed and the sky for shelter. Oftentimes 
within an hour after receiving an injection these patients 
started on the return journey to their distant homes again 
facing the hardships of the trail. The fact that no patient 
declined to return and receive further injections, when advised 
to do so, indicates as clearly as any statistics we might give 
either that the natives did not regard the reactions of a very 
serious nature or else that they considered the benefits to be 
derived as by far outweighing the discomforts of the reactions. 

From a statistical standpoint the resuits of treatment in our 
series is of little value owing to the limited time over which the 
cases were observed and the fact that many patients received 
but a single treatment and were not seen again. The latter 
circumstance is easily explained. In the interior of Santo 
Domingo communication is largely by word of mouth and news 
spreads chiefly by means of the more or less chance wanderings 
of the natives. When we went up into the interior and set 
up our camp it was five days before the first patient, an old 
woman with “ gomma,” presented herself for treatment. Two 
days later three children with a florid secondary eruption were 
brought to us. During the next few days patients ventured 
in in small numbers, but when the news of the results obtained 
in the early cases treated began to spread, patients came in 
rapidly increasing numbers. By the end of the first month we 
were getting an average of about 25 to 30 new cases a day, and 
during the last two wéeks of our stay the daily number of new 
and old cases ranged between 100 to 300. In spite of the fact 
that we sent out notices well in advance of our departure to stop 
new patients from coming in, the daily number increased 
almost up to the last day of our stay. Their appeal for help was 
so piteous and their condition so distressing that we could not 
refuse them a single injection, although we knew that we 
should never see them again. This accounts for the large 
number of cases in which we have no note as to the result of 
treatment. 

It has been claimed that 90 per cent of yaws cases can be 
cured by a single injection of salvarsan. Our experience was 
not so favorable, though, if we had had a longer time in which 
to observe the results, we could have allowed a longer interval 
between injections and might have found it necessary to repeat 
the treatment in a smaller percentage of the cases. Moreover, 
the number of patients requiring more than one injection to 
effect a cure might have been fewer if 0.9 gr. of neo-salvarsan 
instead of 0.6 gm. had been adopted as the adult dose. 

We have designated our results as cured, practically cured, 
much improved, improved, and unimproved. * No patient 
was recorded as cured unless all the lesions (scars excepted ) 
If there remained at our last 
opportunity of observation only so much as a few black crusts 


had entirely disappeared. 


almost ready to “fall, where a week or two before there had 
been an abundant crop of fresh granulomata, we designated 
such cases as “ practically cured ” although we were convinced 
that could we have seen these patients a week later, without 
further treatment, they would have fallen into the cured list. 


The remaining designations, much improved, improved, and 
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unimproved, are sufficiently clear without further comment. 
except to say that due conservatism was used in applying them 
and that, if error was made, it was probably on the side of 
underrating the actual improvement. 

As to the ultimate results obtained we have no observations 
and even if the present condition of these patients could be 
ascertained, sufficient time has not elapsed to determine the 
permanence of the cures. We believe, however, that Elirlich’s 
ideal of “ sterilizatio magna” is more nearly obtained wit) 
salvarsan or neo-salvarsan in yaws than in the treatment of 
any other disease. 

There are obvious difficulties in giving a statistical statement 
of the results of treatment which can be correctly interpreted, 


TABLE SHOWING RESULT OF TREATMENT IN 570 CASES 


Unim- 


2 Practically | Much 
a Cured cured improved Improved | Proved 
Results 
a Number Number Number Number Number 
a di of doses of doses of doses ot doses of doses 
r—) | 
MB 2 10) 15 2 2 41 .. 
| 
3 2 3 2 3 1 
MB 6 3 1| 1 
MBC, 1 
| 
82 16 66,13 11 1 14 6 1 3 2 5 1 
BK 24 4) 2 4 5 3] 1 
60 24) 36) 4 9 2 1 3 li] 3 3 
Be 26) 80 Ww 1 7] 6 36] 71 7; 3/1 
| | 
BCP 13, 6 3 3 
( 327, 143 184 5 5 > 27) 16 55 10 41 
| 
C-++..... 41] 13) 28 1 1 1 71 33 4 2 6 ..|..!.. 
cP B85 1 1 5} 7 10 1 9 
SI B7| 20) 1) 1../ 1 1 3} 2 4 2 3 
67] 24] 43] ..| ../ ../.. vel elec! oof @ 5..115, 3} 
| | 
| 


G+ 12 4 Bi selec] se} oof Bee! & 


93 83 gy 
As previously stated, many of the cases which were designated 
as “ practically cured” might have fallen into the “cured” 
column without further treatment, if there had been an oppor- 
tunity for examing the patients after the lapse of another week. 
Moreover, the percentage of cures after one injection might 
have been materially increased, if we had allowed a longer 
interval of time in which to determine the result of the first 
injection. 

The interval between injections was one week in the majority 
of cases; exceptionally it was as short as five days and ina 
moderate number of cases it was ten days or two weeks. The 
final result of treatment, as far as we had opportunity to 
observe it, was usually made one week after the last injection. 

The above table gives the results of treatment in the 
various groups as noted at the last observation on each case 
and shows the number of injections each patient had received 
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Fig.3 


Primary Stage. 


Madre Buba or Mother 


Yaw. 


PLATE II 
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tig. 6 


Secondary Stage. 


PLATE 


Hg.7 Fig.8 


Figs. 4, 5, 6 and 8, Florid Secondary Eruption. Note Swelling of the Femoral Lymph-Glands in Fig. 5 and the Predilection for the 
Muco-Cutaneous Borders and Moist Surfaces in Figs. 7 and 8. 
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fig tl Fig. 12 
Secondary Stage. Figs. 9 and 10 show Granulomata of Unusual Size. 
Face, Giving the Indian War Paint Appearance. 


Fig. 12 shows Circinate Arrangement of Lesions on 
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fig 17 Fig 18 


Late Secondary Stage. Figs. 18, 14, 15, 17 and 18 Clavus. Note the Fresh Granulomata on the Soles in Fig. 13. the Unilateral Involvement 
in Fig. 15, and the Marked Erosion in the Remaining Cases. Fig. 16 shows Marked Thickening of the Skin and Subcutaneous Tissues of the 
Feet, Probably a Rare, Late Manifestation of Yaws. 
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fig 20 Fig2t 


Fig. 19.—A “ Yaws” Family. Fig. 20, * Studded Lesions.” 


1922 


Tig22 


Fig. 21, Leucoderma Following “ Studded Lesions.” 


Secondary Stage. 


PLATE VI 


Fig. 22, Arthritis, Late 
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fig.26 


Tertiary Stage. “Gomma.” Figs. 23 and 24. Indistinguishable Clinically from Syphilis. 
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Tertiary Stage. Fig. 28—Bears Some Resemblance to Leprosy. Fig. 29-—Indistinguishable Clinically from Syphilis. 
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The 127 patients who gave a history 


at the time of this note. 
of having had yaws but who had no active lesions of the disease 
at the time they presented themselves for treatment are not 
included in this table, as we had no means of judging of the 
results of treatment in these cases. We have also excluded 
from the table 31 miscellaneous cases of yaws in which the 
results of treatment were difficult to determine owing to com- 
plicating diseases or for other reasons. Exclusive of these two 
groups there are 888 cases and in 570 of these we have notes 
as to the result of treatment. 

Briefly summarized, irrespective of the number of injections 
each patient received, this table shows the following results : 


Cases Approx. 

Practically cured ............... 83 14.56 

Mach 179 3141 


There were 362 cases in the above series in which the final 
result noted was after a single injection of neo-salvarsan. 
Briefly summarized they are shown in the following table : 


Resvuits AFTER A SINGLE INJECTION OF NEO-SALVARSAN 


Cases Per cent 
Practically cured ................ 43 11.88 
113 31.21 
78 21.54 


Perhaps one gets a better idea of the efficacy of treatment 
in yaws by considering the cases which showed no improvement 
following the administration of neo-salvarsan. In the above 
series of 570 cases only one patient (a gomma case) showed 
no improvement after three injections and only ten patients 
(3 gomma and 7 clavus cases) showed no improvement after 
two injections. This is certainly in marked contrast to the 
113 cases which showed marked improvement after a single 
injection. 

We have further analyzed our figures to see if they will show 
what stage of the disease is most readily amenable to treat- 
ment. For this purpose it seems probable that more reliable 
information will be obtained by combining the cured and 
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practically cured groups and considering only those cases in 
which the result noted was obtained after a single injection. 
They are summarized in the following table: 


Cured or practically cured 


Total No. ot Average No, of cases after one injection 
Diagnosis cases age inyears Results noted Number Per cent 
15 6.6 11 7 63.63 
MB’ ... 2% 8.5 15 6 40.00 
MBC .. 13 11.6 ll 2 18.18 

MB 6 242 3 0 
MBC .. 5 10.0 2 0 
_ error 82 838 66 27 40.91 
BC ....8 12.9 20 7 35.00 
_ 60 93 36 5 13.88 
BC ....106 16.5 80 7 8.75 
BCP ... 13 20.5 6 0 
327 21.6 184 8 434 
C+ . 41 29.4 28 l 3.57 
cr . 50 32.7 35 0 
5 25.0 2 0 
a 37 28.8 20 2 10.00 
eer 67 29.3 43 0 
G+ .... 2 25.2 Ss 0 


The number of cases comprising some of the groups in the 
above table is too small to be of value for statistical purposes, 
but faken as a whole the figures seem to show what we would 
expect, i. ¢., the earlier the stage, the more readily does it 
respond to treatment. 
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STUDIES ON A CASE OF CHROMIC ACID NEPHRITIS 


By H. Masor 


(From The Henry Ford Hospital, Detroit, Michigan) 


A great deal of light has been shed upon the obscure points 
of kidney pathology by the newer studies on experimental 
nephritis. ‘These observations have not only clarified many 
of our ideas about diseased kidney function, but have also 
contributed much to a clearer understanding of the complex 
and highly specialized functions of the kidneys in health. 

In the production of experimental nephritis, chemical sub- 
stances have been employed almost exclusively; arsenic. 
eantharidin, uranium nitrate, potassium bichromate, the 
tartrates and mercuric chloride being most frequently used. 
As the result of these studies we know that in a general way 
arsenic and cantharidin are glomerular poisons, while uran- 
ium, potassium bichromate, and the tartrates and mercury 
seem to have an especial affinity for the tubules. The more 
recent work, particularly that of MacNider,” has shown that, 
although a hard and fast line cannot be drawn, yet we are 
still justified on the basis of outspoken affinity in speaking of 
glomerular poisons and of tubular poisons. 

The study of cases of poisoning from these chemicals that 
come into the hospital for treatment is important because of 
their relation to experimental nephritis. Corrosive sublimate 
has furnished the largest number of cases in this group. Lewis 
and Rivers’ have published extensive chemical studies on a 
case of bichloride poisoning and have pointed out that, while 
the therapeutics of this condition have merited much attention 
in the literature, studies on the metabolism of these cases have 
been very meager and superficial. The number of other pub- 
lished cases of chemical nephroses is extremely small. 

The following studies on a case of chromic acid poisoning 
are presented as a contribution to the subject of kidney 
pathology and particularly for comparison with the numerous 
observations in the literature on experimental chromate ne- 
phritis. This patient, suffering from an inoperable carcinoma 
of the face which had been treated by the application of chromic 
acid crystals, lived for four weeks after the development of 
the nephritis. During this period extensive studies of his blood 
and urine chemistry were carried out, marked variations from 
the normal were encountered and certain interesting changes 
brought about by therapeutic measures were noted. These 
observations have a certain interest as a study of the acidosis 
accompanying chromate nephritis and as a commentary on 
theories of renal secretion, particularly the “ modern theory ” 
of Cushny.’ 

Chromie acid was used as a cauterant as long ago as 1845 


when Alexander Ure™ described several cases of hemorrhoids 
treated with this agent. Marshall” in 1857 reported a series 
of cases of venereal warts in which the local application of an 
aqueous solution of chromic acid produced excellent results. 
Many similar reports appear in the literature during the suc- 
ceeding years, although Gubler* in 1871 stated that “the 


absorption of chromic acid is not free from danger, as patients 
have been poisoned by a too extensive application to the sur- 
faces of their bodies.” J. William White” in 1889 reported 
the case of a young woman who died 27 hours after the local 
application of an aqueous solution of chromic acid to an ex- 
tensive crop of venereal warts. 

Industrial poisoning among workers in chrome plants from 
chromie acid has long been recognized. Pye,” in 1885, re- 
ported such cases and described the perforation of the nasal 
septum long known among workers as “chrome holes.” He 
stated that the possession of such “ chrome holes ” is an object 
of pride to the workers, who often carry in their pockets a bent 
wire which they pass through the hole for the amusement of 
their friends. 

Gergens,’ in 1877, studied the toxic effect of chromic acid 
on rabbits and noted that it produced an acute nephritis. 
Kabierske,' in 1880, studied the pathological changes produced 
in the kidney by this chemical and Posner™ continued and 
amplified these studies. Both Kabierske and Posner described 
in detail the exquisite tubular nephritis also. Kossa* observed 
that potassium chromate produced a hemorrhagic nephritis, 
but was interested particularly in the accompanying glycosuria 
which he described as “ chromic acid diabetes.” Viron * noted 
the frequent occurrence of both glycosuria and albuminuria 
in animals poisoned with chromate, but did not carry out any 
extensive pathological studies. Among later investigators 
who used the chromates for the purpose of studying experi- 
mental nephritis are Schlayer and Hedinger,” Heinike and 
Meyerstein,’ Ophiils,* Hellin and Spiro,’ Pearce Hill and 
Eisenbrey,.” Weber,” Ruschaupt,” Austin and Eisenbrey * and 
MacNider.” These observers noted its particular though not 
exclusive affinity for the renal epithelium, and MacNider states 
that in the earliest stage there is a vascular injury followed 
rapidly by a tubular involvement which soon dominates the 
picture. 

The patient upon whom these observations were made was 
aman of 59 and was suffering from a very extensive carcinoma 
of the left cheek which had been present for two years. This 
lesion, when first seen, involved almost the entire cheek, ex- 
tending from the inner canthus of the left eye down upon the 
left half of the nose and thence down and over the cheek. The 
patient’s mother had died of chronic nephritis, one brother 
had died of acute nephritis and another brother still living was 
suffering from chronic nephritis. The patient’s urine was 
examined for the first time on December 8, 1920, and was 
normal in every respect, as was also a specimen examined on 
December 11, 1920. On December 11 the carcinoma was 
curetted and crystals of chromic acid applied until an eschar 
had formed. The urine, when examined on the following day, 
showed 4 gm. of albumin per liter. The amount of albumin 
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in the urine increased and three days later there were 7.3 gm. 
per liter, and hyaline and granular casts, red blood cells and 
numerous degenerated epithelial cells made their appearance. 

Ou December 14, a little more than 48 hours following the 
application of the chromic acid crystals, the patient had an 
almost total suppression of urine and the blood urea was 
60 mg. per 100 c.c. From this time on he waged an un- 
successful fight which terminated with his death on Jan- 
uary 9, his blood urea on the day of his death reaching 340 mg. 
per 100 c.c. Many marked changes in his blood chemistry 
and in the exeretion of fluids and solids took place. An 
intravenous phenolsulphonephthalein test was carried out on 
six occasions. On December 17, December 18, December 23 
and on January 8 none was excreted, on December 27 and 31 
the urine showed a faint unreadable trace. One gram of potas- 
sium iodide taken by mouth on January 30 was excreted in 
24 hours. The McLean index which was determined every 
day varied from 0.01 to 0.47, the lowest values being at the 
onset of the nephritis and again towards the end. 

A very marked feature of this case was the comparative well- 
being of the patient for more than two weeks following the 
appearance of the nephritis. During this period of 18 days he 
felt comparatively well except for some loss of appetite and 
occasional headaches, in spite of the fact that his kidneys were 
very severely damaged, his excretion of solids markedly dimin- 
ished, and his blood urea soaring up around values ten times 
that of the normal high average. He was very impatient of the 
therapeutic measures, which consisted of forced fluid by mouth, 
saline purges, sodium bicarbonate administered by mouth, and 
rectal saline irrigations. 

On December 28 his pulse became somewhat irregular and 
on December 31, 19 days after the onset of the nephritis, 
vomiting appeared which became increasingly frequent and 
was especially severe the last five days. His urinary output 
remained at a high level but sank very low the last five days, 
apparently because of the markedly lowered fluid intake. The 
patient never showed the slightest symptoms of uremia, no 
visible edema developed and the blood pressure varied from 
145 to 110 systolic and 90 to 75 diastolic. He was given 
glucose intravenously, caffeine subcutaneously but gradually 
hecame weaker and weaker, the cardiac arrhythmia became 
more marked and he died on January 10, 30 days after the 
application of the chromic acid crystals. 

At autopsy only the kidneys were removed. They measured 
12x5x4.5 em., the right kidney weighed 176 gm.. the left 
197 gm.: both were mottled in appearance, the cortex was 
swollen and the glomeruli were very indistinct. There was no 
free fluid in the abdominal cavity and no general anasarea. 

Microscopically the kidneys showed extensive destruction of 
the tubular epithelium with debris in the lumen and marked 
swelling of many intact epithelial cells, the changes being 
especially marked in the convoluted tubules. There were a 
few mitotic figures seen in these cells, although the evidences 
of regeneration were not striking. Similar observations in 
experimental chromate nephritis were made by Kabierske 


(1. c.) and by many later investigators. The glomeruli were 
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for the most part normal in appearance, although in some sec- 
tions a few fibrosed glomeruli were seen. There were numer- 
ous areas of small-round-cell infiltration and much fibrosis in 
many places between the tubules. Because of the patient’s 
age, it is doubtful just how much of the glomerular and inter- 
stitial fibrosis was due to the chromate. In general, the picture 
was that of a pure tubular nephritis. 

A great deal of care was exercised in obtaining specimens 
and there is every reason to believe that no gross errors 


As the 


chemical studies were quite extensive, it is simpler to discuss 


oceurred that would materially affect the calculations. 
each group separately. 


METHODS 

The non-proteid nitrogen, creatinin, creatin, uric acid and 
sugar determinations in the blood were carried out by the 
method of Folin and Wu. 
the method of Van Slyke and Cullen, blood amino acids by 
the method of Van Slyke, blood chlorides by the method of 
McLean, Van Slyke and Donleavy, blood calcium by the 
method of Halverson and Bergheim, phosphates by the method 


The blood urea was estimated by 


of Bloor. 

The urine chlorides were determined by the method of 
Volhard and Arnold, the total nitrogen by the method of 
Folin and Farmer: creatinin, creatin and uric acid by the 
methods of Folin, Benedict and Myers and of Folin, and the 
urea by the method of Van Slyke and Cullen. 


1. EXcHaNGe 

The observations on the fluid intake and output in this 
patient were quite complete and cover the entire of his stay 
in the hospital. The patient was urged at the onset of the 
nephritis to drink large amounts of water. which he did until a 
few days before death. No initial polyuria was observed such 
as has been described in the vascular reactions due to glo- 
merular poisons, On the second day following the develop- 
ment of the nephritis, the urinary output was markedly re- 
duced, falling to 10 c.e. 


amounts of water, the urinary output the following day again 


Following the drinking of large 


rose to 310 ec. ¢., and there was a constant increase until the 
The total amount of 
During the period of lowered 


sixth day after the partial suppression. 
urine exereted was 1360 ¢. 
urinary excretion, the urine contained large amounts of 
aibumin with numerous epithelial cells and epithelial casts— 
evidence of extensive tubular destruction. This suggests that 
the swelling of the tubular epithelium and choking of the 
tubules with debris may have caused the reduced urinary 
output, as observed by MacNider in experimental nephritis. 
The urinary secretion remained uniformly high until four 
days hefore the death of the patient when it fell sharply reach- 
ing 280 c.¢, the day before the patient died, this reduction 
corresponding in time to the period of continual vomiting with 
a marked diminution of fluid intake. The urinary record 
did not represent the entire fluid output, since the patient 
was purged constantly and considerable amounts of fluid were 


passed in this way. The specific gravity of the urine which 
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was 1.025 the day the nephritis appeared, afterward varied 
from 1.011 to 1.019, the average specific gravity, as determined 
by adding all the observations together and using their number 
as a divisor, being 1.014. The reaction of the urine was acid 
before any therapy was instituted, but following the adminis- 
tration of sodium bicarbonate became alkaline, becoming again 


acid whenever this therapy was discontinued, 


2. Toran NrrroGeN AND CHLORIDE EXCRETION 
The total nitrogen, non-proteid nitrogen and chloride ex- 
eretion fell very sharply following the onset of nephritis reach- 
ing the low level of 1.17 gm., .96 gm. and .59 gm., respectively. 
This marked depression persisted for four days and then was 
followed by a slow and gradual rise, until ten days after this 
depression the patient excreted 13.5 gm. of total nitrogen, 
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Curve 1. 


13.4 gm. of nonproteid nitrogen and 1.62 ¢m. of chlorides in 
24 hours. Similar curves of nitrogen excretion were observed 
by Pearce, Hill and Kisenbrey, by Green, and by Austin and 
Kisenbrey in experimental chromate nephritis. If this curve 
of nitrogen and chloride is super-imposed on a curve of the 
fluid output, it will be seen that the two follow each other 
closely. The nitrogen output is reduced, the chloride output 
is markedly reduced, yet their fluctuations correspond closely 


to those of the urinary secretion. 


3. Urea 
The urea nitrogen excretion was constantly low. The first 
determination made after the onset of nephritis showed a total 
24 output of 6.32 gm. On December 15. the day following 
the marked suppression of urine, it fell to 0.81 gm. and on the 
following day it was only 1.2 gm. It later rose slowly, reaching 
the highest level on December 29 when it was 9.49 om. During 


the last five days of the patient’s illness it again showed a de- 


| No. 


cided depression, falling to 1.62 gm. on the day before the 
patient’s death. In comparing these figures with those of the 
total nitrogen and non-proteid nitrogen excretion, it is seen 
that, while these two are markedly diminished, yet their 
depression is not relatively so great as that of the urea 
excretion, 

The blood urea, on the other hand, was high at the onset— 
65.38 em. on December 14, and afterwards showed a constant 
and gradual rise, reaching the high value of 340 mg. per 
100 ee. the day before death. For two weeks from Decem- 
ber 2 to January 3, during the period when the patient, as 
previously mentioned, felt comparatively well, the blood urea 
varied from 168 to 227 mg. 

These urea values are interesting in the light of Cushny’s 
well-known, modern theory. Cushny states that * the modern 
view requires that the urea, like the other constituents of the 
urine, pass out by the capsule.” He cites. in proof of this 
view, that the excretion of urea ceases at the same time as the 
secretion of water by the kidney. In this patient, however, 
the secretion of water, after an initial drop, rose rapidly and 
continued at a high level while the urea output remained very 
low and the blood urea continued to increase markedly, 

Urea curves similar to that in this case have been frequently 
noted in cases of chronic diffuse nephritis showing at autopsy 
both glomerular and tubular lesions. Such urea values, as 
noted in our case of tubular nephritis, raise the question 
whether the older view, that urea is excreted mainly by the 
tubules, does not explain the picture better than the modern 
theory. 

Further evidence in favor of this older view is found in the 
work of Oliver.“ This observer, working with xanthydrol, 
which produces a characteristic crystalline product with urea, 
found evidence of urea excretion in both the glomeruli and 
tubules. The marked diminution of urea excretion in our case 
of chromium nephritis would indicate that a part of the urea 
may have escaped through the intact glomeruli, while still 
another fraction may have been secreted by such portions of 
the tubular epithelium as were not destroyed, 


CREATININ AND CREATIN 

The 24 hour exeretion of creatinin fell to 0.23 gm. two 
days after the onset of nephritis, but following this rose 
gradually to normal and hovered about 1 gm. for two weeks. 
The last few days it was again depressed, falling to 0.3 gm. the 
day before death. 

The blood creatinin on the other hand was 4.56 gm. on 
December 14 and rose rapidly until the fifth day after the 
onset of the nephritis when it reached 14.8 mg. per 100 c¢. ¢. 
From this time to the end it showed a graduai rise, reaching 
17 mg. the day before death. Here again the patient although 
comparatively free from symptoms for two weeks, showed 
blood creatinin values varying from 13.68 mg. to 15.68 mg. 
per 100 c.¢., demonstrating the point emphasized particularly 
by Myers and Lough” that values above 5 mg. indicate an 
early fatal termination and also that a progressive increase in 
blood ereatinin is a sign of unfavorable prognostic import. 
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The blood creatin was increased to 12.48 mg. per 100 ¢. c. 
on the day following the partial suppression of urine and on 
the next day fell sharply to 5 mg. It remained about this 
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latter level until a few days before death when it rose abruptly, 
reaching 18.72 mg. per 100 c. c. on the day before death. The 
excretion of creatin varied from 0 to .17 mg. 


5. Acrp 
The blood uric acid values were constantly high, varying 
from 4 mg. per 100 c.c. on December 14, the second day of 
the nephritis, to 9.15 mg. on January 5. There was not the 
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Curve 3. 


same striking increase in blood uric acid as there was in the 
blood urea, although the amounts were increased, the average 
reading being 6 mg. per 100 c.c. The uric acid excretion was 
consistently low varying from 6 mg. to 30 mg. in 24 hours. 
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This patient was on a very low purine diet and the determina- 
tions show a very definite uric acid retention, which does not 
seem in complete harmony with the theory of Cushny which 
postulates a glomerular excretion of uric acid. 


6. CHLORLDES 

The plasma chlorides in this case of chromic acid nephritis 
show a consistently low level varying from 378 mg. to 558 mg. 
per 100 ec.c. following the development of the kidney lesion. 
The total chlorides in the urine were even more markedly 
lowered, varying from .1 gm. to 2.76 gm. in 24 hours. No 
marked fluctuations were observed, although the general ten- 
dency was a gradual lowering in the amount excreted as the 
process continued. The low values were doubtless due in part 
to the low chloride content of the diet, and the absence of 
any increase in the plasma chlorides in the presence of an 
extensive tubular nephritis would seem to be evidence in favor 
of the excretion of these substances by the glomeruli. 


SuGar 


The urine of this patient frequently showed traces of sugar 
which apparently bore no relation to amount of blood sugar 
present. The urine during the first 12 days showed traces of 
sugar on three occasions, although the blood sugar was not 
higher than 159 mg. per 100 c.c. The last four days of the 
patient’s illness the blood sugar varied from 204 mg. to 229 mg. 
but with no glycosuria. Intravenous injections of glucose 
given on three occasions produced no marked change in the 
blood sugar curve. 

Kossa (J. c.) in experimental chromate nephritis noted 
glycosuria in the absence of a hyperglycemia and explained this 
phenomenon by the assumption of an increased glomerular 
permeability. Cushny has attacked this theory of increased 
glomerular permeability used so long in phloridzin glycosuria, 
and has pointed out that a failure on the part of the tubular 
epithelium to re-absorb the excess of glucose excreted by the 
glomerulus explains the phenomenon equally well or better. 
In chromic acid nephritis with extensive tubular necrosis, such 
a failure of reabsorption is presumably present. 


8. CArBon DIoxIpDE, ACETONE, PHOSPHATES AND 
AMINO ACIDS 


Evidence of acidosis in this patient was present soon after 
the onset of nephritis, the carbon dioxide tension in the plasma 
on December 15 falling to 37 per cent. The patient was 
immediately given sodium bicarbonate by mouth with the 
result that there was a sharp rise to 64 per cent the following 
day. As the result of such alkali therapy a normal carbon 
dioxide tension was maintained until the onset of vomiting 
when the tension fell to 30 per cent, and did not later rise 
above 37 per cent. 

Acetone was present in the urine the last ten days, although 
it was absent in the early stages in spite of other evidence of 
acidosis. Determinations of inorganic phosphates in the blood 
were made on four occasions, showing 35 mg. per 100 c.c. 
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Fic. 1—Microphotograph of the kidney showing Fic. 2—Microphotograph of the kidney showing ex- 
desquamation of the tubules, interstitial fibrosis and tensive tubular desquamation with an intact glomerulus. 
areas of small, round cell infiltration. (Hematoxylin (Hematoxylin and eosin. Bausch and Lomb obj. 4 oc. 


and eosin. Bausch and Lomb obj. 4 oc. X 10.) X 10.) 
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on December 29 and 50 mg. per 100 ¢.c. on January 8, two 
days before death. ‘The phosphate excretion in the urine was 
consistently low, falling to 0.1 gm. the day before death. 
These findings indicate an early phosphate acidosis complicated 
later by an acidosis of acetone body origin. Determinations 
of the blood amino acids were made on four occasions and 
showed high values, 12.7 mg. per 100 ¢.¢. on December 30, 
1920, 32 mg. on January 7, 1921, 24 mg. on January 8 and 
31.3 mg. on January 9. 
CONCLUSIONS 

In this case of chromic acid nephritis the kidney lesion 
present was that of a pure tubular nephritis. No edema was 
noted clinically and no anasarea or ascites was present at 
autopsy. No symptoms of uremia were present, and the 
patient, during the greater part of his illness, felt compara- 
tively well. 

The urine output following a temporary depression was high. 
but the urine itself was of low specific gravity and the excre- 
tion of nitrogen, chlorides, phosphate, creatinin, uric acid and 
urea was markedly diminished. Glycosuria appeared from 
time to time but it bore no apparent relationship to the 
amounts of blood sugar present. 

A study of the blood chemistry showed very high values for 
urea, inorganic phosphates, amino acids and creatinin and 
values higher than normal for urie acid. Determinations of 
the carbon dioxide content of the blood plasma showed definite 
evidence of acidosis which responded promptly to alkali 
therapy. 

In conclusion it is a very great pleasure to acknowledge the 
assistance of Dr. R. L. Haden, under whose direction the 
chemical studies were carried out. 
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GROWTH ON HUMAN MUCOUS 


MEMBRANES WITH SPECIAL REFERENCE TO THE THROAT 
FLORA OF INFANTS 


By Artitur L. BLOOMFIELD 


(From the Biological Division of the Medical Clinic, The Johns Hopkins University and Hospital) 


In studying the problem of respiratory infection it soon 
became apparent that certain fundamental data in regard to 
growth and colonization of bacteria in the upper air passages 
must be assembled before real progress could be made. It 
has seemed advisable, therefore, to digress from the original 
practical problem to more purely biological questions of growth 
adaptation of bacteria on the respiratory mucous membranes. 


The recent trend of bacteriological study clearly indicates that 
the conditions allowing and promoting the growth of micro- 
organisms are vastly more complex than the early investigators 
in this domain were led to believe. The newer studies on the 
importance of hydrogen-ion concentration, and of growth ac- 
cessory substances in particular, have opened roads which will 
undoubtedly lead into very extensive and prolifie fields of 
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research. However, these considerations apply more especially 
to growth of bacteria on artificial nutritive media, and the 
facts at hand help but little in elucidating the conditions of 
growth of micro-organisms in the body. It seems that factors 
more elusive than those of acid-base equilibrium and such 
matters govern the actual conditions of human parasitism. 
To iliustrate—while the pneumococcus is found in the mouths 
of approximately 50 per cent of normal people, we find that 
the pH of the mouth secretions is almost always greater than 
that which would allow the initiation of growth of the pneu- 
moeoccus in the test-tube.’ Furthermore, certain organisms 
such as B. coli and Friedlinder’s bacilli, whose growth re- 
quirements in vi/ro are simple, do not colonize on the mucous 
membranes of the upper air passages, whereas more fastidious 
organisms such as streptococci are invariably present. It is 
apparent, therefore, that one cannot directly apply test-tube 
criteria in explaining growth on human mucous membranes. 
The immediate question under consideration, then, concerns 
the factors which allow growth of certain organisms in the 
upper air passages and prevent that of others. In a previous 
study it was pointed out that the bacteria found in the throat 
considered from this standpoint fall into several distinct 
groups.’ There is in the adult (with aérobie methods) a con- 
stant habitual flora consisting of non-hemolytic streptococci, 
Gram-negative cocci, and diphtheroids. These organisms are 
found widely disseminated through the mouth cavity—on 
tongue, tonsils, and pharynx. They occur in normal and in 
sick people, in those with foci of infection, and in those whose 
tonsils have been removed. All the evidence indicates that 
they grow free on the normal mucous surfaces. In distinction 
to this group we find another comprising for the most part 
potentially pathogenic organisms. These are usually localized 
in some definite area of infection such as the tonsil, adenoid, 
or a sinus, or they may oecur temporarily and sporadically on 
the free surfaces of the mucous membranes—evidently transi- 
ents which have not actually colonized. What then are the 
conditions which create such a sharp and fundamental differ- 


ence between these two groups of organisms? An analysis of 
the known facts in regard to test-tube growth requirements of 
the two groups does not answer tliis question. For example, 
hemolytie streptococei are no more fastidious than many of the 
green-producing strains, and yet the former are not members 
of the normal habitual flora, whereas the latter are constantly 
present. It seems to us necessary to fall back on a theory of 
adaptive parasitism, without attempting to define the exact 
chemical conditions involved. In other words, is it possible 
that the non-hemolytie streptococci gradually—perhaps dur- 
ing a period of thousands of years—became adapted to growth 
on human mucous membranes, while other bacteria show a 
total absence of such adaptation or only partial and abortive 
degrees ? 

It seemed that some information about this question might 
be gleaned from a study of the development of the throat flora 
in infants. Such individuals would furnish a most desirable 


experimental material for the following reasons: First, one 
would be dealing with a virgin soil not previously the habitat 


of any bacteria. Secondly, no local foci of infection such ag 
diseased tonsils or sinuses are present to obscure the bacterio- 
logical picture. Thirdly, the teeth with their associated col- 
lections of food particles in which organisms of various sorts 
may breed have not yet appeared. If it should turn out that 
any particular varieties of organisms appeared early, regularly, 
and in large numbers, one might reasonably assume that such 
organisms possessed a high degree of inherent adaptation to 
growth in these regions. The present paper concerns itself, 
therefore, with a study of the throat flora of infants. 


LITERATURE 


No attempt will be made to review the extensive literature 
on the bacteriology of the mouth. Our work concerns itself 
with defining the position of certain well-known organisms 
rather than with enumerating all bacteria which may be re- 
covered from the upper air passages under all conditions. 
Brailovsky-Lounkevitch © has reviewed the literature on the 
bacteriology of the mouth in infants. She, as well as other 
observers, has found no organisms during the first few hours 
of life but notes their rapid appearance after the twelfth hour. 
Beyond this important observation, however, we find little 
but a general catalogue of organisms without information 
which would indicate their significance. 


Through the courtesy of the staff of the Obstetrical Depart- 
ment it was possible to examine infants shortly after birth 
and at more or less regular intervals thereafter. A swab was 
passed over the palate and pharynx and plated on rabbit blood 
agar and oleate hemoglobin agar according to the method 
described elsewhere.“ Care was taken to secure a good spread 
of colonies and careful qualitative and quantitative observe- 
tions were made of the various bacteria present. A note was 
made of the relation of the culture to the time of nursing. 


ResvuLTs 

The results are presented in Table I. The first fact of 
importance is that the cultures made very shortly after birth— 
under 12 hours, and before the baby had nursed—were sterile. 
This was so in seven cases (I, V, IX, XI, XII, XIV, XIX). 
In Case XVII a culture made three hours after birth and 
before nursing yielded four colonies of staphylococcus albus 
and two colonies of a diphtheroid. From the twelfth hour on 
(at which time nursing began) organisms were uniformly 
present in large numbers. In Case VII a culture made at 1? 
hours, but before nursing, showed a few white staphylococci 
and several hundred green streptococci. The above findings 
confirm those of previous observers. 

A few words may now be said about each of the organisms 
encountered in later cultures. 

1. Staphylococct (albi).—White staphylococci were present 
in over half of the cultures but were not a constant finding. 
They varied in number in various cultures from a few to 
innumerable colonies. Many types, both hemolytic and non- 
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Case I—F 


Case K. 


Case 


Case 


Case V—O..... 


Case VI—S.... 


Case VII—J... 


Case VITI—Sn. 


Case | X—Ce 
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Aug, 6—et, 11 hrs. (has not nursed) 


No growth 


Aug. S— et. 14 hrs, (has nursed) 
Cetragenus l 
Gram-+ diphtheroid 


Aug. . 16 hrs. (has nursed) 


S—et 


Staph. albus 16 


Aug. 9-et. 14 hrs, (has nursed) 


Staph. albus 200 
Ntrept. (green) a few 
Strept. (grey) many 


Aug. 23- et. 16 hrs. (has nursed) 


* = innumerable, 


100 
50 


Staph. albus 
Strept. (grey) 


Aug. 1—at. 7 hrs. (has not nursed) 


No growth 


Aug. 2—et, 12 hrs. (has not nursed) 


few 
sev. hundred 


Staph. albus 
Strept. (green) 


Aug. 3—et, 22 hrs. (has nursed) 
Staph. albus 


Strept. (green) many 
Ntrept. (grey) mans 


July 19-— et. 6 hrs, (has not nursed) 


No growth 


TABLE | 


Resutrs or Trroat From INFANTS? 


Aug. S—aet. 3 days 


Staph. albus 
retragenus 
Ntrept. (green) 
Ntrept. (arey) 


9 


Aug. 2 days 


Tetragenus 
Gram-neg. cocci 


Strept. (green) 
Ntrept. (grey) 


> 


Aug. 9—et, 2 days 


Spreaders 


Aug. 10—et, 2 days 


Staph. albus 
Ntrept. (green) 
Ntrept. (grey) 
Tetragenus 


Aug. 24—et. 14 days 
Staph. albus 


(iram+ coccus 
Tetragenus 


Staph. albus 
Tetragenus 
Strept. (green) 


Gram-neg. bacillus 
Aug. 31 hours 

Staph. albus 

Ntrept. (green) 


Ntrept. (grey) 
Gram-neg. cocei 


Aug. 5—et. 3 days 


Ntrept. (green) 


Tetragenus 
Gram-+ diphtheroid 


July 20—a@t, 31 hours 


Staph. albus 
Ntrept. (green) 


Lactis aérogenes 


The numbers indicate number of colonies, 


many 
many 


a few 


many 


120 


many 


300 
a few 
many 


few 


50 


Aug. 15- et. 10days 
Staph. albus 
letragenus 
Ntrept. (green) 

Ntropt. (grey) 
Staph. aureus 

Aug. 15—at. days 
Tetragenus 
Ntrept. (yreen) 

Strept. (yrey) 
Staph. albus 
\ug. 10 days 


Tetragenus 
Ntrept. (green) 
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a few 
many 
50 


sev. hundred 


mans 


Strept. (ore 4) 
Aug. 15-et days 
Ntrept. (green) 
Ntrept. (grey) a few 
Tetragenus L 
26-e@t. 4 days 
Staph. albus few 


Ntrept. (grey) 
Ntrept. (green) 


Tetragenus 


Staph. aureus 
Gram-+ bacillus 


Aug. 5-—at. 3 days 


Staph. albus 


Tetragenus 
Ntrept. (green) 


Aug. 5-al. 3 days 
Staph. albus 


Strept. (grey) 


\ug. 9—et. 7 days 


Strept. (green) 
Tetragenus 


Gram-neye. bacillus 


July 22—at, 3 days 


Strept. (green) 
Tetragenus 


many 


many 
a few 
6 


sev. hundred 


a few 


few 


many 


many 
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Ang. 17- 12 days 
Staph. albus 
Ntrept. (green) 
Strept. (grey) 

Aug. 17—at, 10 days 
Petragenus many 


Ntrept. Careen) many 
Ntrept. (Carey) 
Staph. albus few 


s days (eulture while 
nursing) 


Aug. 15- et, 


Staph. albus sev. hundred 


retragenus few 
Ntrept. (green) 
Ntrept. (grey) 
Staph. aureus 
Aug. 19—et. 11 days 
Staph. albus many 
Ntrept. (green) 
Ntrept. (grey) many 
retragenus many 
Staph. aureus few 


Aug. 6 days 


Staph. albus sev. hundred 


Tetragenus a few 
Strept. (green) sev. hundred 
Strept. (arey) 
Staph. aureus 12 
Aug. 6 days 
Staph. albus 
Strept. (grey) few 
Aug, 12-—et. 10 days 
Staph. albus many 


Strept. (green) D 


Ntrept. (grey) few 
Tetragenus many 
July 29—at, 10 days 
Staph. albus few 
Ntrept. (green) 
Staph. aureus few 
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July et, 20 hrs. (has just nursed) 


Case X—H Ntrept. (green) L 
letragenus 
Gram-neg. cocci 
Diphtheroid few 


July et. 1) hrs. (has not nursed) 


Case XI—Hi... No growth 


July 14 Lhr. Chas not nursed) 


Case XIT—Ch No growth 


Aug. 20—e@t, 23 hrs. (has nursed) 


Case XILI—K Staph. albus 10 
(iram-neg. cocel 20 
Gram-neg bacillvs 50 
Ntrept. L 


Aug. 23—et, L hr. (has not nursed) 


No vrowth 


Case X1V—W 


at, 23hrs. (culture while 
nursing) 


Aug. 17 


Case XV—N... NStrept. (grey) 
Ntrept. (yreen) D 
letragenus 
I. lactis aérogenes 50 


Aug. 14—et. 23 hrs. (has nursed) 


Case XVI—A.C, Staph. albus LO 
Gram-neyg. cocci few 
letragenus sev. hundred 
Strept. (grey) L 
Ntrept. (qreen) 


Aug. 1o-e!. 3 hrs. (has not nursed) 


Case XVII—Ca. Staph. albus 4 
Diphtheroid 2 
July 24 hrs. (has nursed) 

Case XVIII—Fr Tetragenus 300 
Ntrept. (areen) 
Diphtheroids 


Beta hemol. strept. 100 


Strept. (green) 


HOSP I 


TABLE I—Conrt 


July 23—et. 2 days 


Ntrept. (areen) 
letragenus many 
Staph. albus 
Staph. aureus l 
July 15—et, 1 day 
Staph, aureus 1 
letragenus sev. hundred 
Ntrept. (grey) many 
Aug, 22-et. 3 days 
Staph, albus 20 
Gram-neg coccl 
Ntrept. (green) L 
Diphtheroids few 
Aug. 24—et. 1 clay 
Staph. albus few 
Gram-neg. cocci many 
Ntrept. (green) many 
Aug, 18—et,. 2 days 
Strept. (grey) D 
Strept. (green) few 
Tetragenus 
22—et, 3 days 
Staph. albus L 
Tetragenus many 
Ntrept. (green) L 
Ntrept. (qrey) many 
Diphtheroids few 
Aug. 16—e@t, 1 day 
Tetrayenus 
Ntrept. (green) L 
Strept. (grey) L 
July 22— at, 4 days Aug. 1 


many 


Diphtheroids few 
Beta hemol. strept. 10 
Staph. albus 
Gram-ney. coccus 


Ss 


Staph. alb 
Gram-neg. 


TAL BULLETIN 


NUED 
July 20—et. 
Ntrept. (green) L 
letragenus few 
Ntrept. (grey) few 


Staph. albus many 


Aug 2—et. 10 days 
Staph. albus sev. hundred 
letragenus few 
Ntrept. (grey) many 
Strept. (green) few 
July 19--a@t. 5 days July 23—et, 9 days 
Staph. aureus 6 
Tetragenus many 
Ntrept. (grey) many Ntrept. (grey) 
Staph. albus Staph. albus 
Diphtheroids few Diphtheroids few 
Ntrept. (green) many 
Aug. days 
Staph. albus few 
Ntrept. (green) 2 
Tetragenus 
Aug. 26—et. 3 days Aug. 28— et, 5 days 
Staph. albus few 
Gram-neg. cocci many Gram-neg. cocel few 
Strept. (green) NStrept. (green) L 
Ntrept. (grey) NStrept. (grey) 
Tetragenus Tetragenus few 
Staph. aureus 10 
Aug. 20-—et. 4 days Aug. 25—et. 9 days 
Strept. (grey) many Ntrept. (yrey) D 
Ntrept. (green) many Ntrept. (green) 
Tetragenus Tetragenus 1 
Staph. albus 200° Staph. albus 50 
Aug. 24—et. 5 days Aug. 29-—et, 9 days 
Staph. albus many Staph. albus few 
Tetragenus L Tetragenus 
Ntrept. (green) L Strept. (green) 
Ntrept. (grey) Lr Ntrept. (grey) L 
Staph. aureus 50) Staph. aureus few 
Aug. 18—et. 3 days Aug. 23—et. 8 days 
Staph. albus 10 
Tetragenus » Tetragenus many 
Strept. (green) many WNStrept. (green) 
Strept. (grey) (grey) 
Staph. aureus 6 Staph. aureus L 
14days \ug. 16 days Aug. 10—a@t. 26 days 
Tetragenus many Tetragenus sev. hund. 
Ntrept. (green) L 
Strept. (grey) L 
us 300° Staph. albus Staph. albus 100 
coccls 
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hemolytic, were encountered, the type often differing in sue- 
cessive cultures from the same infant. The organisms corre- 
sponded with the varieties found on the skin (see below). 
Their logical source is clearly the mother’s skin and the milk, 
and this supposition is supported by the much lower incidence 
of white staphylococci in adults. There seemed to be no 
evidence Of a real carrier state, but the presence of these 
bacteria indicates multiple transient infestations derived from 
nursing at four-hour intervals. 

2. Staphylococci (auret).—These organisms were found in 
Their 


significance was clearly that of transients derived from the 


a few cultures—in no case as constant inhabitants. 


mother’s skin and milk. 

3. Micrococcus Tetragenus.—Organisms of this group were 
found in a large percentage of the cultures but by no means 
constantly. Two main types were encountered (1) large 
uniformly Gram-positive forms in clumps and groups of four, 
and (2) smaller forms, many of which failed to retain the 
(ram stain. The colony formation also varied markedly. 
These organisms are common skin inhabitants, which pretty 
clearly explains their source. 

4. Diphtheroids—In marked contrast with what occurs in 
adults, diphtheroids were found only in occasional cultures and 
then in small numbers. Their significance was clearly that of 
transients, and their ubiquity on the skin surfaces and in the 
mouths of adults offers a ready explanation of their source. 
There was, however, no tendency to extensive or permanent 
growth on the mucous membranes of infants. 

5. Gram-negative cocci.—These organisms are found prac- 
tically constantly and in large numbers in the mouths of 
adults. In sharp contrast to this observation was their inci- 
dence in infants. We found them in only four cases of the 
series (11, VIT, X, XIII). 

6. Streptococct.—This group was of particular interest. As 
isseen in the table, streptococci appeared early, usually within 
4 hours, and in nearly every case were constantly present in 
large numbers. ‘Two main types were encountered, first, small 
green-producing colonies consisting usually of elongated cocci 
in long chains, which exhibited many variations in form and 
much variability to Gram staining, and secondly, small grey 
colonies of intensely Gram-positive forms in short chains. No 
obvious source for these organisms in the infants surroundings 
was found save the mouths of the attendant adults. 

t. Other Organisms.—A variety of other organismsm were 
eacountered in single instances—clearly transients of no sig- 
nificance—a Gram-negative bacillus (Cases VI, and VIII), 
B. lactis aérogenes (Cases IX and XV). In Case XVIII beta 
hemolytic streptococci were obtained in small numbers on the 
lirst two cultures. They were clearly transients and did not 
colonize or produce disease, but their source was obscure. Un- 
fortunately, no examination of the mother’s milk or breasts 
was made. 

In summary, then, the infant’s mouth, sterile at birth, 
rapidly becomes the site of profuse bacterial growth. The 
flora is relatively simple compared to that of adults consisting 
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essentially of (1) a group of organisms constantly introduced 
during the process of nursing and corresponding pretty clearly 
with that of the skin of adults—Staphylococcus albus, M. 
tetragenus, Staphylococcus aureus, etc., (2) a small group of 
variable transients, and (3) non-hemolytic streptococci. 

With a view to confirming the source of some of the above 
organisms a series of cultures was made from the skin and from 
the breast nipples of a group of adults associated with the 
infants. A swab dipped in sterile salt solution was rubbed over 
an area about one inch in diameter and plated on the same 
kinds of media used for the throat cultures. The results sum- 
marized in Tables IT and III indicate the source of certain of 
the organisms found in the infants’ meuths, such as albus, 


aureus, tetragenus. ete. 


TABLE II 
CULTURES FROM SKIN OF ARM OF ADULTS 


M.—50 colonies Staph. albus (non-hemolytic). 
4 colonies Staph. albus (hemolytic). 
6 colonies M. tetragenus. 
A few colonies of a coarse rod-like Gram-neg. bacillus. 
colonies Staph. albus. 
1 colony Staph. aureus. 
Many colonies Gram-neg. coccus. 
C—1 colony Staph. albus (non-hemolytic). 
2 colonies Staph. albus. (hemolytic). 
2 colonies Staph. aureus. 
Many colonies spore-bearing Gram-neg. bacillus. 
Many colonies M. tetragenus, 
G.—Many colonies M. tetragenus. 
A few colonies Gram-neg. cocci. 
A few colonies Staph. albus. 
2 colonies Staph. aureus. 
S.—0o colonies Staph. albus (hemolytic). 
A few colonies Staph. albus (non-hemolytic). 
Many colonies M. tetragenus. 
A few Gram-pos. diphtheroids. 
J——Many colonies Staph. albus. 
A few M. tetragenus. 
D.—A few colonies Staph. albus. 
A few colonies M. tetragenus. 
A few colonies Gram-pos. diphtheroids. 
A few colonies Gram-neg. diphtheroids. 
A—1 colony Staph. albus. 
colonies Staph. albus, 
1 colony coarse Gram-neg. bacillus. 
C.—12 colonies Staph. albus. 


1).—Spreaders. 


TABLE Ill 
CuLrures FROM Nipptes oF Lacratinc WoMEN 
Case 1—00 colonies Staphylococci (several kinds). 
Many colonies M, tetragenus. 
Many colonies Diphtheroids. 
A few colonies spore-bearing bacilli. 
Case 2—00 colonies Staphylococci (white). 
Many colonies Gram-positive spore-bearer. 
Many colonies M, tetragenus. 
A few colonies spreaders. 
Case 3—Many colonies M. tetragenus. 
Many colonies Staph. albus. 
Many colonies Gram-positive bacillus, 
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TABLE I1I—Continvep 
Case 4—00 colonies Staph. albus. 
Many colonies M. tetragenus. 
A few colonics Staph. aureus. 
00 colonies Gram-positive diphtheroids. 
Case 5—A few colonies Staph. albus. 
Many colonies Gram-negative coccus. 
Many colonies Yeast. 
Many colonies long chain—grey streptococcus. 
Cause 6—OO colonies Staph. albus. 
Many colonies M., tetragenus. 
A few colonies Staph. aureus. 
Many colonies Diphtheroids 
Spreaders, 
Discussion 
Above we have outlined the bacteriological facts elicited in 
the present study. A few words may now be devoted to the 
general questions raised at the beginning of the paper. It 
was hoped that further information might be obtained about 
the mucous membranes of the upper air passages as sites for 
bacterial growth and the nature of their relation to the organ- 
isms found. It may be recalled that in healthy adults we deal 
with an apparently habitual constant and completely adapted 
flora, with transients, and with foreign organisms associated 
with acute disease or chronic foci of infection. The question 
of another group of partly adapted organisms has been raised 
in another place* and evidence of their occurrence collected. 
In the present work it is of interest to note the absence of such 
organisms as influenza bacilli, pneumococci, and hemolytic 
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streptococci which are relatively frequent in adults. Without 
direct contact observations no definite conclusions can be 
drawn, but the absence of these organisms raises the possibility 
of an inherent lack of complete adaptation to free growth in 
the throat. and suggests that special conditions are necessary 
for their colonization. 

Of major importance, however, from the present point of 
view is the practically constant finding of non-hemolytie 
streptococci in large numbers beginning within a few hours 
after birth. One seems foreed to conclude that an inherent 
adaptation to free growth on the mucous membranes of the 
upper air passages exists in the case of this group of bacteria, 
We state the matter in this way at the present time, for as 
yet no exact information is available as to actual chemical or 
biological factors which allow the colonization of this group 
rather than that of hemolytic streptococci or a host of other 
organisms. ‘These observations do, however, seem to give a 
hint that subtle biological adaptations are of importance in 
explaining the presence of bacteria under certain conditions, 
rather than the eruder and more specific chemical facts of 
bacterial growth demonstrable in the test-tube. 
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DERMOID CYSTS OF THE OVARY 
A REPORT OF FOUR CASES 


By Kart H. Marrz.orr 


(From the Department of Gynecology of The Johns Hopkins Hospital and University) 


1. A small dermoid cyst accidentally discovered by needling 
an enlarged ovary. 

2. A large dermoid of the left ovary; a small dermoid cyst 
of the right ovary. 

3. A dermoid cyst in the wall of a large multilocular ovarian 
cystadenoma. 

4. A spinal-cell carcinoma developing in a dermoid cyst of 
the ovary. 

These four cases of dermoid cyst of the ovary are presented 
not because such growths are rare, but because the pathological 
specimens came to our laboratory in rapid sequence and each 
sase presented something of interest either clinically or patho- 
logically. The case histories and pathological findings in brief 
are as follows: 


Case 1—G. G., a white female, unmarried, 24 years old, was oper- 
ated on by Dr. Cullen at the Church Home and Infirmary, November 
15. 1920. The patient had had several attacks of pain localized in 
the right iliac and the inferior portion of the right lumbar quadrants. 
Some of these attacks had been associated with nausea, vomiting and 
a chill. The history was otherwise irrelevant. On account of the 


iliac pain the patient herself asked for a careful examination of the 
ovary. 

The physical examination was essentially negative except for 
definite abdominal tenderness and muscle spasm on deep palpation 
over McBurney’s point. A pelvic examination was not made. 

At operation the appendix was found to be involved in a well- 
marked chronic inflammatory process. It was removed. The right 
tube and ovary were next brought to view through the (gridiron) 
incision. The tube appeared to be normal. The ovary, however, was 
about half as large again as normal, and presented several large 
follicular cysts. Three of these were punctured with a straight in- 
testinal needle, and all yielded a clear, colorless fluid. The ovary, 
however, being still somewhat too large, the needle was passed deeply 
into its median half where no definite cyst was apparent, and immedi- 
ately there escaped a very small drop of an oily fluid, which against 
the white surface of the ovary and on account of the good illumination 
appeared as a small, shimmering globule. The diagnosis being evi- 
dent, an elliptical incision was made over the surface of the ovary 
and a dermoid cyst about 3 cm. in diameter was at once encountered. 
This was shelled out intact, about two-thirds of the ovary being 
left. The left ovary was normal. 

Pathological Examination (Gyn. Path. No. 26372)—The specimen 
consists of a small tumor mass measuring 3.5x3x3 cm. (Fig. 1). 
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About one-half of this mass (marked “dermoid cyst”) has a regular, 
pale gray surface with a few fine shreds of pale gray tissue attached. 
On palpation this portion is of semi-fluid consistence and possibly is 
slightly fluctuant. The other part, which represents the portion of 
the ovary included in the elliptical incision, appears elevated, pale 
red, smooth, glistening and translucent. On section a thin-walled 
cyst is seen filled with a gray, granular, greasy material which is 
soft and contains a few strands of hair. In one portion of the wall 
is an elevated, thickened area from which a tuft of hair projects. 
The cyst wall is as thin as tissue paper except over the portion where 
some Ovarian tissue is attached; here it is 3 mm. thick and has 
several smooth-walled, cystic areas in its substance. 

Microscopic examination shows the picture of an ordinary simple 
dermoid cyst lined with stratified epithelium several layers thick. In 
the wall of the cyst are numerous hair follicles and sebaceous glands. 
In its cavity are pink-staining detritus and some strands of hair. 
The cystic areas to one side are thin-walled structures lined with a 
single laver of flat or low cuboidal epithelium. These are enlarged 
Graafian follicles. 

Comment.—The point of particular interest in this case is 
the discovery of a dermoid cyst embedded in the substance of 
an ovary so as to be entirely surrounded by ovarian tissue. 
Careful scrutiny of the fluid obtained by paracentesis led to 
the discovery of a dermoid cyst which would otherwise have 
been overlooked, and the patient would very probably, at some 
later date, have been compelled to submit to another abdominal 
operation. The value of paracentesis ovarii as a diagnostic 
procedure is well brought out in this case and can equally well 
be applied to other selected cases of small ovarian enlargement 
when it is desirable to be particularly conservative in pre- 
serving ovarian tissue and when the spilling of some of the 
cyst contents will not lead to peritoneal implantations as some- 
times happens in ovarian papillary cystadenomata. 

Case 2.—M. M. (Gyn. No. 26756), a white, married woman, 2-para, 
39 years old, was admitted to The Johns Hopkins Hospital April 6, 
1921, complaining of pain in the lower part of the abdomen. There 
was nothing of importance in the family or personal history. The 
menstrual history was normal. 

Present Illness—For about a year the patient had complained of 
a dull pain in the left iliac quadrant and gradually had become 
conscious of a mass in this situation which seemed to be enlarging, 
so that finally it gave rise to a sense of fullness whenever she sat down. 

The physical examination was essentially negative except for the 
presence of a firm, rounded, smooth mass which was movable and 
apparently about 15 cm. in diameter. This mass was situated in the 
left iliac fossa and extended upward to a point mid-way between the 
umbilicus and the symphysis pubis in a position in front of and to the 
side of the uterus, which appeared to be essentially normal. The right 
ovary was in its usual position and seemed to be about twice the 
normal size. 

At operation, April 9, 1921, the left ovary was represented by a 
large tumor mass lying in the left iliac fossa and twisted on its 
pedicle through an are of 90° (Fig. 2). The left tube and ovary were 
removed in the usual manner. The right ovary also contained a 
yellowish cyst, through the wall of which some hair could be seen. 
This eyst was resected, leaving in situ about what would correspond to 
one-third of a normal ovary. The usual prophylactic appendectomy 
was performed and the uterus was left in good position by a modified 
Coffey suspension. 

Pathological Examination (Gyn. Path. No. 26756) —The resected 
portion of the right ovary measures 4.5x3x2 em. It is smooth, pale 
gray and glistening except for one area where the surface has some 
small vesicle-like areas which are yellow, glistening and translucent. 
The tumor is doughy in consistence. On section (Fig. 2; insert) a 
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cystic structure is seen filled with a sebaceous material in which there 
is some hair. The hair grows in a tuft from the inner aspect of the 
roughened yellow area noted on the external surface. ‘The lateral 
portion of the mass, where it has come in contact with the normal 
ovarian substance, has several small, yellow, cystic areas. 

The tumor mass on the left measures 12x 10x9 em. and has at- 
tached to it a normal Fallopian tube. The tumor is smooth, glisten- 
ing, reddish, and a fine tracery of blood vessels is seen over its suriace. 
It is doughy in consistence and on section presents the appearance oi 
an ordinary dermoid cyst with very little hair. 

Sections of the tumor removed from the right ovary show a thin 
wall, the inner aspect of which is lined with a stratified squamous 
epithelium, without papille, beneath which are numerous hair fol- 
licles. The yellow cystic areas seen in the gross are small cavities 
lined with stratified epithelium and here one also sees numerous mul- 
tinuclear giant cells scattered in the stroma forming the cyst wall.* 

Sections from the large cyst on the left show a similar inner epi- 
dermal lining, without papilla but with an occasional hair follicle 
and sebaceous gland. Numerous epidermal inclusions are seen, 
some of these having the appearance of undifferentiated sweat glands. 

Comment.—This patient passed through an uncomplicated 
convalescence and when last heard of had been menstruating 
normally at 26-day intervals. The case affords a good illustra- 
tion of the feasibility of conserving the ovarian function when 
some normal tissue is present, thereby avoiding the danger and 
inconvenience of a premature operative menopause. The 
dermoid cysts are interesting in that they replaced about 
five-sixths of what should have been normal ovarian stroma; 
nevertheless, the patient has had and is still having her normal 


catamenia. 

Cast 3.—L. T., a white woman, 35 years old, married, 3-para, was 
admitted to the Church Home and Infirmary March 27, 1921, com- 
plaining of an abdominal tumor and indigestion. The family and 
personal history have no bearing upon the case; the menstrual history 
had been normal. 

Present Illness—One year before admission the patient first noticed 
that she had an abdominal tumor which had gradually become larger. 

The physical examination was essentially negative except for the 
abdominal findings. A large, symmetrical, rounded, and freely mov- 
able tumor mass was felt in the hypogastrium extending from the 
pelvis up to the umbilicus. This tumor could not be differentiated 
from the uterus on pelvic, examination and we thought we were deal- 
ing with a freely movable myomatous uterus. 

Operation—The patient was operated on by Dr. Cullen on March 
28, 1921. A small quantity of free straw-colored fluid was found in 
the pelvis. The right ovary was represented by a large ovarian cyst, 
which with its Fallopian tube was removed. Convalescence was un- 
eventful and the patient is now well and free of all symptoms. 

Pathological Examination (Gyn. Path. No. 26733) —The specimen 
consists of a large blue-domed mass to which is attached a Fallopian 
tube. The latter measures 10x 1 cm. It is flattened out and stretched 
over the tumor mass. Its surface is covered by a smooth and glisten- 
ing serosa, its lumen is patent and its fimbriw are delicate. A small 
appendix vesiculosa is present. 

The tumor mass measures 20x 17x10 cm. Its surface has a bluish 
sheen, is smooth, glistening, and slightly irregular in outline. Palpa- 
tion elicits definite fluctuation. On section a large multilocular cystic 
structure (Fig. 3) is seen. It was filled with a thick, tenacious, 


* Dr. Cullen has frequently drawn attention to these giant cells 
and he feels that they are the precursors of the squamous epithelium. 
He goes further and states that “wherever an alveolar structure is 
noted in an ovary and where these alveolar spaces are more or less 
lined with giant cells, one can be absolutely certain that a dermoid 
cyst exists in that ovary.” 
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glistening, glairy, translucent, mucinous material. One area in the 
cyst opposite the tube has a rather honey-combed, bubble-like appear- 
ance and here the contents are particularly viscous. On the inferior 
portion of the posterior wall of the cyst is seen an encapsulated mass 
different from the remainder of the cyst and measuring on its cut 
surface 1.7x1.5 cm. (Fig. 3; insert). It is easily recognized as a 
dermoid cyst containing some yellowish-gray, greasy material and a 
few strands of hair which do not appear to grow as a tuft from any 
one situation. 

Sections from various portions of the cyst wall show a scanty stroma 
with numerous capillaries and occasional areas of round and poly- 
morphonuclear cell infiltration. The inner aspect of the cyst wall is 
lined with a single layer of columnar epithelium which only in a 
few places is thrown up into a low fold. The individual cells are 
goblet-shaped and have a pink-staining cytoplasm with a pale central 
zone and a well-defined cell outline. The nuclei are at the base of the 
cells, are oval or round and in some cells are crescentiec in shape. The 
cells rest on a poorly defined membrana propria. The smaller cystic 
areas mentioned in the gross description contain a moderate quantity 
of a homogenous, pink-staining material in which are large vacuoles. 
In short, it is a picture of a typical multilocular cystadenoma. 
Sections of the dermoid cyst taken through its wall where it borders 
the cavity of the multilocular ovarian cyst (Fig. 4) show the dermoid 
lined with several layers of cuboidal epithelium. In its wall are 
hair follicles as well as sweat and sebaceous glands. In the cavity of 
the dermoid is some detritus in which can be identified some strands 
of hair. The dermoid is separated from the cavity of the adjoining 
cyst by a narrow strand of pink-staining fibrous stroma which in turn 
is lined with a single laver of columnar epithelium similar to and 
continuous with the previously described epithelium lining the re- 
mainder of the multilocular eyst. No recognizable ovarian stroma is 
seen. 

Comment.—This is the first time in the history of this hos- 
pital, as far as the records of the gynecological and pathological 
departments show, that a dermoid cyst has been seen in asso- 
elation with, and ineluded in, the wall of a multilocular 
pseudomucinous cystadenoma of the ovary. Although pseudo- 
mucinous cysts of the ovary are not particularly rare and 
dermoid dysts of the ovary are even less uncommon, neverthe- 
less, this particular pathological association is very unusual 
and the literature on it is quite meagre. 

Case 4.—E. R., a white woman, married, 37 years old, 3-para, was 
admitted to the Church Home and Infirmary complaining of a “ lump 
in her stomach” and was operated on by Dr. Cullen, March 1, 1921. 
There is nothing of importance in the family or personal history. Her 
menstrual history is apparently normal. 

Symptoms of the present illness were first noted in December, 1920, 
when she began to have discomfort in the hypogastrium, and a sense 
of pressure, most noticeable near the rectum, which was aggravated 
by exercise and by the sitting posture. Lying down gave marked 
relief. ‘he patient had telt a tumor mass in her abdomen about 
two months before entering the hospital and she was certain that the 
tumor had definitely, though slowly, increased in size. 

The physical examination was essentially negative except for the 
abdominal findings. The liver edge was felt just below the costal 
margin, being sharp, of about normal consistence and not tender 
The lower half of the abdomen was quite tender, especially in the 
left iliac quadrant. Here a firm, tender, mass was felt extending 
from the left iliac fossa upwards to within 3 cm. of the level of the 
umbilicus. This same mass could be felt behind the cervix and was 
only moderately movable on bi-manual manipulation. 

At operation a quantity of oily fluid containing white flakes and 
grumous-like material was found free in the peritoneal cavity. The 
site of the left ovary was occupied by a ruptured cyst which extended 
out into the left side of the pelvis and lay upon the rectum behind, 
its anterior and medial surfaces being adherent to the posterior 


aspect of the uterus. This tumor mass with its attached Fallopian 
tube was removed as completely as possible, but a portion was left 
attached to the left side of the cervix. The peritoneal cavity was 
drained with two pelvic and two abdominal cigarette drains. 

The patient had an intermittent pyrexia up to 101° F. for two days 
after the operation. At times she was jaundiced, bile was found jn 
her urine, and she had constant rectal pain up to the time of her 
discharge from the hospital, March 27, 1921. She failed rapidly and 
died at her home June 21, 1921. 

Pathological Examination (Gyn. Path. No. 26643) —The specimen 
consists of a Fallopian tube attached to a tumor mass (Fig. 5). The 
Fallopian tube, 7x05 em., is pale gray, smooth, and glistening; its 
fimbrize are delicate. ‘The tumor mass measures 10x8x7 cm. It 
occupies the position of an ovary in relation to the tube to which it is 
attached by a meso-ovarium which has a normal appearance. Its 
outline is rather irregular and it has several distinct nodular areas, 
The portion of the tumor adjoining the proximal part of the tube is 
pale gray, smooth, glistening, and fluctuant, while the part inferior 
to the distal segment of the tube is pale gray, and firm, with opaque 
yellow nodular areas. The most dependent of these nodular areas, 
a, has a roughened surface which shows some loss of substance, just 
at the point where the tumor had been adherent to and blended with 
the cervix. On section the tumor is seen to be a unilocular eyst 
with a dirty brown liquid content in which are seen small, flattened 
vellow masses and large quantities of hair. Its walls measure from 
15 mm. to 35 em. in thickness; they are smooth and somewhat 
irregular, the irregularities corresponding to the nodular areas seen 
externally. At its thickest part, a, the external surface is rough and 
shows some loss of substance, while its internal aspect has several 
tufts of hair arising from it. The cut surfaces of this area are yellow, 
opaque, and granular, with pale gray, glistening and translucent 
columnar areas, which appear to be invaginations or ingrowths from 
the external surface. The other areas of nodular thickening show 
quite smooth surfaces both externally and on section. 

In sections taken through various portions of a the cyst is lined 
with a stratified epithelium, eight to ten cells thick. These cells are 
round and oval, their nuclei take a fairly deep blue color with the 
hematoxylin and eosin stain and most of them have well-defined 
nucleoli. Each nucleus is surrounded by a small quantity of eosin- 
staining cytoplasm. The cells are irregular in size, shape, and stain- 
ing reaction, large mononuclear forms and mitotic figures being 
common. There is no papillary arrangement of the epithelium, no 
stratum germinativum as such is observed, nor are any hair follicles, 
sebaceous or sweat glands seen. As one follows the epithelium along 
from the thinner portion over into the thicker part of the cyst wall, 
a marked metaplasia is noted and the cells invade the cyst wall in 
long strands and solid alveoli (Fig. 6). Much central necrosis is 
present in the alveoli and many bizarre degeneration forms are seen. 
Numerous epithelial pearls, giant cells and mitotie figures also occur. 
The tumor in places occupies the entire cyst wall and penetrates it 
at one point over a fairly broad area. The predominant type of 
tumor cell is round or polyhedral, with a nucleus which has a finely 
granular chromatin distribution with a well-defined, dark-blue-stain- 
ing nucleolus and is surrounded by a moderate quantity of cytoplasm. 
This cytoplasm takes a faint eosin stain or no stain at all and is sur- 
rounded by a well-defined pink cell membrane. 

Sections through b (Fig. 5) show a picture similar to that seen in 
the sections taken from a, with the exception that no epithelial pearls 
are observed and the neoplastic process, while involving the entire 
thickness of b, does not penetrate the serosa. The epithelium lining 
the inner surface of the cyst about the periphery of this nodule (Fig. 
7) is stratified, three to four cells thick; it shows no evidence of 
malignant metaplasia, being identically the same as the epithelium 
from other non-malignant portions of the cyst wall. 

Sections through a (Fig. 5) show a picture similar to those from 
b, there being no microscopic continuity between the two neoplastic 


processes, 
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Squamous ~ceil 
carcinoma 


Fig. 5-—Gyn. Path. No. 26643. Case 4. Spinal cell carcinoma in a dermoid cyst 


of the ovary. 


Fic. 7—Case 4 (Gyn. Path. No. 26643). 
Section from nodule (b). (Fig. 5.) At the 
upper margin is the epidermal lining of the 
cyst, being here only a few cells thick and 
showing no evidence of malignant change. 
Two low power fields to the right of this 
area the epithelium assumes the character 
of that seen in Fig. 8 and invades. At the 
most inferior part of the photomicrograph 
is seen a small clump of cancer cells. This 
picture is taken from the periphery of (b) 
to show the benign appearance of the 
epithelium which completely surrounds 
these carcinomatous nodules. 


Fic. 6—Case 4 (Gyn. Path. No. 26643). 
from Fig. 5 (a) showing spinal cell carcinoma with 


epithelial pearl at (a). 


Fic. 8—Case 4 (Gyn. Path. No. 26643). From the cyst wall 
adjacent to the meso-ovarium showing the thickness of the 


epithelium without invasion. 


show numerous mitotic figures and marked irregularity in size, 


shape, and staining reaction. 


These cells under high power 


Mitotic figure at (a). 
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PLATE xX 


Outline of ovary 


Dermoid cyst 


Fic. 1.—Gyn. Path. No. 26372. Fic. 2—Gyn. Path. No. 


on the left and the small 
resection, 


Resected Dermoid 
Resected dermoid portion 


26756. Case 2, showing the dermoid with its twisted pedicle 
quantity of normal ovarian tissue left on the right side after the 


Fig, 3—Gyn. Path. No. 26738. Case 3, a multilocular pseudo- 
mucinous cystadenoma of the ovary containing a dermoid cyst. 


Fic. 4—Case 3 (Gyn. Path. No. 26733). 
From the dermoid cyst where it adjoins the 
evstadenoma. The columnar epithelium lin- 
ing the cystadenoma is seen at the superior 
margin of the picture and the wall of the 
adjacent dermoid at the inferior margin. 
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The sections of the Fallopian tube and the meso-ovarium present 
sothing noteworthy. However, the adjacent wall of the cyst is lined 
sith stratified epithelium, eight to twenty-five cells thick, which do 


bot invade but are irregular in size, shape and staining reaction and 


Lnow frequent mitotic figures (Fig. 8). 


Comment.—It is interesting to note that while sections 


bhrough a (Fig. 5) show many epithelial pearls, they are not 
* in any of the others. The latter, however, show more well- 


leofined cells and much less evidence of degeneration than at 
, The carcinomatous change in various isolated portions 
{the eyst with intervening areas of non-malignant epidermal 


jells is striking and raises the question whether these small 
tmalignant nodules represent lymphatic metastases or whether 
they indicate separate foci of independent malignant change. 


The latter does not seem at all improbable when one consider 
the apparent malignant metaplasia without invasion noted in 


the epidermal cells (Fig. 8) lining the cyst in the portion 


‘ 


to the meso-ovarium. 
A simple dermoid cyst of the ovary, without evidence of a 


nore complex teratomatous structure, undergoing malignant 


hange, is in our experience very rare. Out of a total of some 
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200 patients who have had dermoid cysts in one or both ovaries 
(confirmed by examination of microsections) we have had only 
one other authentic case of carcinoma developing in an ovarian 
dermoid cyst. This occurred in 1899 in a white woman, 46 
years old, who was lost track of. She was operated on, her 
convalescence proved unsatisfactory and she was not expected 
to live more than a few months after she left the hospital. It 
is reasonable to assume that she died as the result of the 
carcinoma. Sections showed a well-defined spinal cell car- 
cinoma occurring in a dermoid cyst. The incidence of carei- 
nomatous change occurring in a dermoid cyst of the ovary in 
this clinie is one per cent and our mortality from this disease 
is, we feel safe in saying, one hundred per cent. 

I wish to express my indebtedness to Mr. Max Brédel and 
his pupil, Miss A. K. Lovett, for their excellent illustrations. 


ADDENDUM 
The value of puncture of the ovary as a practical diagnostic = 
cedure was again demonstrated by Dr. Cullen in January, 1922, 
the case of a young woman, C. H. I., No. 27512, whose history, opera- 
tive findings, and treatment are almost a replica of Case 1 in this 


article. 
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